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MAT!  RIALS  KUK  SMALL  ARMS HUN  8ARRI  LS  |U| 
C.  W  Marschsll  and  II  I.  Wagner* 


SUMMARY 


iUI  At  the  ul  Uk  li  S  Air  hiar.  iwntf  *u 

AWthK'tCil  b>  the  Iheltnw  Mrlili  Inlumiahitn  (enter  on  me 
Icruh  lor  small  emit  gun  barrels  t  up  to  appfiuimatrly  JO-mm- 
hoot  diameter ).  Particular  emphasis  «o  p-c  n  to  materials  for 
weapons  designed  tor  high  tarn  of  fire 

(Ul  Currently,  small-amts  barrels  ire  produced  tn  the 
United  Stales  town  Cr-Mo-V  and  cr-Mo  low  alloy  steels  con¬ 
taining  0.40  to  0  55  percent  ear  bon,  quenched  and  tempered 
to  a  lurdnew  of  approsurralrty  Rockwell  C  30.  wtth  a 
chrtn.’iucrT-pljted  bar.  In  addition,  a  Stellite  '  I  **  liner 
tCivCnMo  alloy  I  it  added  to  the  brreeh  end  of  many  rapid* 

Hr  bane  tv  The  chromium  plate  and  the  Stellite  liner  help  to 
combat  erosKMi  of  the  bote  resulting  from  chemKal  reaction 
with  the  propellant  gas,  high  velocity  “scrubbing"  by  the  taaei 
and  aoitd  panic  lev  and  the  high  tempera tu ret  generated  by 
Cuing.  With  (fin  type  of  protection  against  bote  erosion,  which 
it  the  main  problem  in  high  rstr*of*fire  weapons,  a  pun  barrel 
may  last  indefinitely  () 1 00.000  roundt)  if  the  ftnng  rate  ta 
auffh-iently  low  or  if  sufficient  time  u  allowed  between  ihort 
bunts  of  reptd-fire.  Even  with  the  plating  and  the  liner,  how¬ 
ever.  tevert  firing  tchedulet  can  quickly  deteriorate  the  bore 
turf  ace  uifTiciently  to  render  the  barrel  uteletv  Foreaample, 
continuoui  firing  at  a  rate  of  30  roundt  per  tecond,  a  typical 
rate  for  many  machine  guns,  will  cause  a  weapon  to  Hop 
functioning  after  only  a  few  hundred  roundt  have  been  fired. 

(It)  With  the  advent  of  weapont  lyitemt  detigned  to  fire 
hyperveloctty  projectiles  at  high  fifing  rates  for  sustained  time 
penodv  Knout  pro  He  m  i  ante  with  regard  ID  barrel  lifetimes. 
These  problems  are  being  attacked  on  teveral  f remit  which  in¬ 
clude  development  of. 

( 1 )  Propellants  with  lower  flame  tempera  turn 

(2)  Propellant  additives  that  carry  away  heat  or  coat  the 
bore  (also  called  boundary  layer  cooling) 

(3)  Deterrent  coatings  on  the  propellant  grains  to  modify 
burning 

(4)  External  cooling  of  the  barrel 

(5)  Improved  barrel  materials. 

This  report  is  concerned  with  the  last  approach  listed  above: 
namely,  the  development  of  improved  barrel  materials. 


"Associate  Chief.  Mechanical  Metallurgy  Division  and  Chief, 
Specialty  Alloys  Division,  respectively,  Battellc  Memorial 
Institute.  Cohimbus,  Ohio. 

""Stellite  21  is  a  commonly  u*d  name  for  the  trade-marked 
alloy.  Haynes  Stellite  alloy  2L  1 


(ID  Chromium  plated  bom  and  Stellite  linen  wen.  de¬ 
velopments  of  rex-arch  conducted  during  World  War  11  Be¬ 
tween  1 04ti  and  i  UbO,  eitenarve  efforts  wrrr  made  to  improve 
barrel  lifetimes  further  Studies  included  barrel  materials. 

Inter  materials,  and  surface  treatments.  Among  the  liner  me 
Irnils  studied  were  alloy  streb,  cobalt -base  alloys,  oiroirmim- 
bavc  alloys,  nickel-base  alloys,  iron-ahimmum  alloys,  molyb¬ 
denum  alloy v  colurrhium-bme  alloys.  ceramics,  and  cermelv 
Performance  of  a  particular  uner  *nr*rn*l  was  evaluated  by 
comparing  it  with  a  standard  StcUiia  21  liner.  In  the  majority 
of  cases.  Ibc  candidate  malcfialt «  cm  found  to  be  inferior  to 
Stellite.  However,  some  of  the  Baer  materials  with  very  huh 
melting  points  I  such  *s  molybdenum  alloys)  did  appear  to  be 
markedly  less  susceptible  to  eroewu  than  the  standard  Stellite 
2 1 .  with  these  tela  lively  brittle  materials.  barrel  lifetimes  were 
limited  by  cracking  and  spalling  of  the  liner,  rather  than  by 
erouon.  Many  attempts  were  made,  particularly  with  molyb¬ 
denum,  to  overcome  this  brittleness  problem  by  alloying 
design  improvement*,  and  improved  fabrication  procedures, 
and.  although  the  efforts  met  with  some  success,  the  magnitude 
of  the  improvement  was  not  aufTIcsent  to  warrant  a  changeover 
from  the  Sieltife  Uner.  tn  the  talc  1950’s,  studiet  on  cotumbwim- 
alloy  linen  gave  very  encouraging  results,  particularly  m  com¬ 
bination  with  a  newly  developed  procedure  for  making  thin, 
fulbleng’h  liners.  It  was  demonstrated  that  full-length  columbium 
liners  eatended  barrel  lifetimes  far  beyond  thoK  possible  with 
either  Stellite  21  or  molybdenum  partial-length  linen. 

(U)  In  the  early  1 960’s,  estcrest  waned  in  attrmpls  to  im¬ 
prove  the  performance  of  unalFeiins  banrts.  possibly  because 
of  the  rapid  developments  being  nude  in  mtsules  and  rockets. 
Consequently,  little  research  and  development  was  conducted  in 
this  period.  However,  when  the  United  Sutes  became  deeply  in¬ 
volved  in  the  Vietnam  conflict,  interest  in  small  arms  again 
quickened  and  a  number  of  research  and  development  programs 
have  been  initialed.  These  m  aimed  primarily  toward  development 
of  fult-length  refractory-metal  hirers  inside  steel  barrels.  Various 
re  file  lory  metals  snd  alloys  re  well  as  a  number  of  processing 
procedures  (including  coeatanaon  and  high-energyrite  forming) 
art  under  investigation.  At  the  time  of  preparation  of  thn  repent 
only  preliminary  remits  of  these  efforts  arc  available. 
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(NfHODL'i’  THIN 


(l1)  Th*  I'rnteJ  Suit*  Air  Knit  inufTrrtlly  urnieeUkinj 
a  coofJmAicil  elk*rt  lo  improve  iht  perlomumc  ol  *null  jrm* 
fr\HU  the  ut  nwirrul*.  proiHlUnlv  Jeonn.  and  urc- 

ilontMl  tyilrni*.  I  he  ohnMi»e  «  lo  ok  reave  hanel  hlctimei 
wllik  uniulUrxvHJvly  invreaong  the  nun/le  »ek*»ty  and  the 
rate  of  fire.  The  wed  tor  thu  effort  »  havd  upon  experience 
with  mpid-finnf  *eap«KU.  *LKh  a*  the  Mint-gun,  currently  in  uk 
in  VKtnam.  In  order  to  itali/e  rravnuble  bartrl  lifetime*, 
there  weapon*  rnu*t  he  fired  according  lo  Uirly  moderate 
tcfaJuk*.  a  typKal  firing  vheduk  might  convjit  of  .Mo- 5 
recond  buntv  with  'IVio.lQ  revond  cwfini  mlerrai*  between 
hunts  and  longer  cooling  penod*  after  a  certain  number  of 
bunts  have  been  fired' 1 If  the  bunt  time  i*  inert aved  lo 
IS  woonds,  the  barrel  lifetime  is  reduced  drastically  and  the 
weapon  quickly  become*  uwk**.  In  combat  situation*,  it  i* 
not  difficult  to  imagine  circumstances  in  whivh  it  would  be 
highly  desirable  to  be  able  to  continue  firing  for  more  than 
3- to- 5  teconli 


lUl  In  order  to  plan  and  exevute  rtseaah  and  develop¬ 
ment  program*  aimed  at  improving  baml  lifetime*  in  high- 
r»te*of-flrr  weapons,  the  Air  Force  required  information  on 
the  current  state  of  the  art,  result*  of  prior  reseaah  and  de¬ 
velopment  program*,  and  the  efforts  currently  being  under¬ 
taken  by  other  orMnuations.  A  request  was  made  to  the 
Dtfenae  Metal*  Information  Center  in  the  fall  of  I9b7  to 
prepare  a  report  that  would  provide  such  information.  This 
report  has  been  prepared  in  response  to  that  request. 


<U>  This  report  ts  intended  to  give  an  up-to-date,  accurate 
assessment  of  materials  currently  m  use  for  smalFarms  gun 
barrel*  and  the  efforts  under  way  to  improve  barrel  lifetime 
through  advanced  materials  technology.  Depth  of  analysis  it 
limited,  however,  due  to  the  short  time  available  for  pre¬ 
paration  of  the  report.  A  brief  review  is  included  on  the 
numerous  research  and  development  efforts  on  gun  banel 
materials  that  took  place  between  1941  and  I960.  Thisteview 
is  based  largely  upon  References  ( 2),  (3),  and  (4).  which  in 
turn,  were  biJed  upon  numerous  company  reports  and 
Government-laboratory  reports.  Because  of  time  limitations, 
no  attempt  was  made  to  analyze  each  of  the  original  sources. 

The  basic  references  are  available  through  the  Defense  Documen¬ 
tation  Center  in  Alexandria,  Virginia,  and  cover  the  following 
time  periods: 


Tunc  renal  Reference 

1941-194}  (2)  National  Defense  Research  Com¬ 

mittee,  “Hyperreloeity  Gun,  and 
the  Control  of  Gun  Eitmon”, 
Wariungton,  D.C.,  1946. 

I946-I9S5  (3)  Cohn,  C.,  “Barrel,  for  Automatic 

Weapon,”,  Franklin  fiutitufe  Report 
FA  2251,  1959. 

(Confidential) 


1956-1960  (4)  Cohn,  G.,  "Barrel,  for  Automatic 

Weapon,”.  Franklin  Institute  Report 
FA-2461.  May,  1961. 

(Confidential) 


A,  a  convenience  to  the  reader,  complete  Tables  of  Contents 
of  the  above  three  reference!  arc  included  in  Appendix  A 
of  this  report. 


•Numbers  in  parentheres  pertain  to  reference,,  which  are 
listed  on  pate  10. 


,1*1  Kvatmuns  in  rrw-etch  into  in, l, -rut.  lor  fun 

hand,  rrduird  drastically.  apparently  bciauvr  of  rapid 
development,  in  nmole,  and  rocket,  and  the  possibility  that 
vonvrntioital  small  arm,  might  hevome  uhviktc  Atom dingly. 
there  are  lew  rvportv  available  on  Ihtv  subject  ,in,e  r«-0.  even 
though  a  nurtthet  til  new  project,  have  been  initiated  wtihm 
the  pavl  veveral  year.  Several  ol  theve  rccnl  project,  are 
devenbed  in  Itnv  report,  but.  at  the  time  ot  preparation  ol  this 
repair!,  few  rvvultvarc  available. 

T1  RMISOfOCY.  tit  HMTIONS.  AND 
RAC  KGROL'N|)  JM  URMAtKIN  (l1) 

<U|  Because  many  person,  involved  with  material,  reveareh 
and  development  may  not  he  familiar  with  , mall-arm,  gun 
barrel,,  this  velion  i,  included  toelanfy  terminology  and  to 
provide  background  information. 

Region,  9(  |  Qun  Barrel  IUJ 

(U)  A  crow  we  I  ion  of  ,  typical  fun  barrel  h  thown 
schematKafly  in  Figure  I.  Four  region,  are  shown  the  breech, 
throuth  which  the  round  n  loaded,  the  chamber,  which  hold,  the 
round  before  firm,,  the  bore,  through  which  the  pn>)ectile  travel, 
when  the  round  is  fired,  and  the  munle.  from  which  the  pruyeclile 
emerges 


FIGURE).  SCHEMATIC  CROSS  SECTION  OF  A  GUN 
BARRELS)  (U) 

(U)  When  linen  are  wed  to  prolong  barrel  lifetime,  a  quasi 
two-piece  tube  may  be  used,  as  illustrated  in  Figure  2.1 5)  The 
Iwo  pieces  an:  (a)  a  cap,  containing  the  chamtwr,  and  lb)  a  lined 
tube.  Since  the  hottesl  region  of  the  tube  is  near  the  forward  end 
of  the  liner,  the  gap  between  the  tube  and  the  cap  reduce,  the 
heat  flow  to  the  cap,  thereby  keeping  the  chamber  comparatively 
cool.  This  limit,  I  hernial  ex  pan  won  and  helps  maintain  proper 
clearance  between  chamber  and  cartridge  cue,  at  the  him  time, 
the  likelihood  Of  cook-off*  is  minimized. 

Rifling  fU) 

(U)  Rifling  refers  to  the  spiral  grooves  in  the  bote  of  a 
barrel  that  are  designed  to  impart  min  to  a  projectile  for  greater 
accuracy  and  carrying  power.  The  rifling  may  have  a  uniform 
twist  throughout  the  barrel  length  or  it  may  begin  with  rero  twist 
at  the  breech  end  end  gradually  increase  in  twnt  for  a  certain 
distance  and  remain  constant  thereafter.  The  latter  type  of 
rifling,  frequently  referred  to  a,  gain-twist  rifling,  if  said  fo  reduce 
wear  it  the  origin  of  rifling. 

(U)  Rifling  land,  end  grooves  are  illustrated  in  Figure  3. 
Although  the  actual  rifling  dimension,  are  determined  from  the 
dynamics  of  the  projectile,  approximate  dimensonaarc: 


•In  the  context  of  this  report,  cook-off  is  the  premature  de¬ 
tonation  of  the  ammunition,  that  o,  before  it  hat  been  struck 
by  the  firing  pin,  ax  a  result  of  overheating  of  the  chamber. 
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tube,  however,  the  i*te  of  hhicm  dm yn  when  the  pmwiir  btfint 
(U  decline.  Typicel  curvet  of  iHMwbrr  p*r«urt:  and  projci tile 
wtovity  at  futKtHiMof  both  turn  m4  pomSkni  a#»  diown  m 
Figure  4  fur  a  **•<*). 


iiwvt  w»Mta  :  1 

bml  width  n 


In  Figure  3,  (he  Lands  and  grooves  shown  are  sharply  rev t angu¬ 
lar,  however,  they  may  have  other  shape*,  without  sharp 
corner*. 


FIGURE  2.  QUASI  TWO-PIECE  TUBE  WITH  LINER(S)  <U)  FIGURE  4  CHAMBER  PRESSURE  AND  PROJECTILE  VELOC¬ 
ITY  IN  A  JOCAUBfc  R  GUNtfHU) 


ft 

ft 


ft 


PtfinilionHU) 

<U)  Cibber- the  diameter  of  a  gun  tube  bora  The  present  trend 
Tor  small  bum  u  to  express  Ok  bore  diameter  in  millimeten, 
ratber  than  in  decimal  utchca. 

(U)  Small  anna  •  *un»  having  a  caliber  up  to  about  30  mm. 

(VI)  Hrpmulociar  watpnm  •  weapon*  that  fin  a  projectile 
at  a  muzzle  velocity  in  excel a  of  approximately  3300  feci 
per  second. 

<’J)  Rotating  hand  -  soft  metal  band  around  a  projectile  near 
it*  baie.  it  ernurei  a  tight  fit  in  the  bore  by  engaging  the 
lilUng  and  give*  spin  to  the  projectile. 

(U)  Snznrmz  -  proccae  by  which  rotating  band*  an  cut  by  the 
rifting. 


(U)  A  gun  barrel  h  H vocally  a  tubular  preaeure  veael  with 
n  opening  at  the  muzest  end.  When  a  round  a  detonated  in 
the  chamber,  hot  pan  an  produced,  thereby  cauamg  a  rapid 
prawn  riaa  behind  the  projectile.  The  projectile  it  thus 
accelerated  down  the  bencl.  Depute  Uie  inerraaed  volume 
occupied  by  the  entrapped  gwea  at  the  projectile  move*  out  of 
Ok  chamber,  the  prewar.  continue*  to  me  became  of  continued 
burning  of  the  propellant  Eventually,  aa  the  expanuon  con¬ 
tinue*  and  the  propellent  a  con  named,  the  prawn  ruches  s 
maximum  value  and  decline*  gradually  thereafter.  The  velocity 
of  the  projectile  increanc*  continuously  a*  il  travel*  through  the 


Temperature*  Encountered  in  Cun  Tube*  til) 

(U)  An  appreciable  amount  of  heat  is  released  as  the  pro¬ 
pellant  ia  burned.  Much  of  tbit  beat  ■  absoibed  by  the  band  of 
the  gun.  Naturally,  Ok  bore  surface,  being  adjacent  to  the  pro¬ 
pellant  gases,  will  reach  higher  temperature*  than  the  ex tenor 
surface. 

(Ill  The  lemprraturea  and  temperature  gradients  encountered 
in  gun  tubes  depend  markedly  on  the  firing  schedule,  i.e.,  the 
rate  of  (ire  and  the  duration  of  lira,  for  example,  firing  a  single 
rounu  will  give  me  to  a  nsomentmy  high  temperature  at  the  bore 
surface  without  affecting  the  temperature  at  the  outer  surface. 

At  the  other  extreme,  prolonged  firing  at  a  high  rate  can  lead  to 
ncitir.e  of  'he  band.  Firing  schedules  intermediate  to  those 
-Merit  *o  S..OTC  will  lead  to  mtenrrdiitc  temperatures  and  tem- 
r  .-dure  giadaenU.  A  JOcaliber  auchinc  gun.  fot  example,  firing 
hcn'*  <.f  123  roundaeach  in  Idsecondaat  a  rate  of  one  bunt 
j-r  -r  ,;ute,  will  reach  esavntiaUy  a  steady  stale  condition  after 
7 1  utsU  have  been  fired.  The  maxamun  temperature  at  the  bore 
Surf  a.  c  wid  be  approximately  2000  F,  whereas  the  max  imum 
temperature  at  the  outer  surface  will  be  approximately  1400  Ft  5). 

(U)  The  curves  shown  in  Fiparea  3  and  6  indicate  the  tem¬ 
peratures  encountered  at  various  locations  through  the  tube  wail, 
u  measured  with  thermocouplcvtb.')  The  bore  surface  is  seen 
to  be  exposed  to  much  more  severe  thermal  cycling  than  any  other 
region  of  the  tube. 

ExihmintBgndUfctimqfU) 

(U)  Band  lifetimes  are  rrehnsrd  by  conducting  firing 
tests.  A  barrel  i*  uad  to  here  a  “velocity  life  *  and  an  “accuracy 
life”.  Velocity  life  refer*  to  the  unhri  of  round:  fired  before 
the  projectile  velocity  decreaaca  by  e  certain  percentage  ( usually 
6  percent;  often,  however,  amply  200  feet  per  record),  compared 
wit  the  velocity  meawrrd  at  the  cart  of  firing.  Accuracy  life 
refen  to  the  number  of  round)  feed  before  the  projectile  yaw 
cxcaeds  approximately  15  degree*. 


Properties  Needed  by  Band  Hatcriah  (U) 

<U)  To  function  satisfactorily,  pin  band  materials  must 
have  the  following  properties; 
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FIGURE  5  TEMPERATURES  MEASURED  WITH  THERMOCOUPLES  AT  A  DISTANCE  OF  20  INCHES  FROM  THE 
•  BREECH  DURING  FIRING  OF  A  50-CALIBER  MACHINE  GUNW  (U) 
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(it  Strength  at  both  km  and  hi*h  lo  carry 

the  prewutx  load  without  permanent  deloenulKin 

<2)  Ductility  04  toughness  it  both  low  and  high  trmpef. 
alurer  to  endure  shock  loading  tbolh  mechanical  and 
UkiiimII 

<  J)  Hot  hardnrsa  lo  withstand  Uml  t  waging  o*  flattening 

<41  We jf  resnUnte  to  withstand  abrasion  from  high 
vekxity  gases  and  rotating  bands 

<M  H*h  melting  point 

<01  Rearitsnce  lo  chemical  attack  by  propellant  too 

(7)  Fabneabdity. 

Other  properties  that  mutt  be  taken  into  account  in  designing 
gun  tubei  include  thermal  conductivity.  heat  capwrity,  and 
ihcnttaHipanaon  coefficient. 


MATERIALS  USED lfLCWRRENT  PRODUCTION 
QtLSMALLARMS  BARRELS  IU) 

(U)  Many  of  the  requirements  described  in  the  foregoing 
paragraph  are  met  by  heat. treatable  low. alloy  tleela.  Current 
military  apecificationi  for  small- arm  a- barrel  iteelt  call  foe  the 
following  compositions: 

_ .  Chmucal  Cowpouuon.  pentnt.  ty  -rgdq.  _ 

OhD  4110 


Ikmcat  . 

PAD_4150 _ 

JpulfuryoJ 

I 

X 

< 

C»rto« 

0  4MJ55 

0  47*0  55 

041-049 

Mmpinw 

0  '5-1  00 

0.70*1  00 

0  MM)  90 

f»K»  y  hoots 

0  040  mu 

0  040  mu 

0  040  rn«* 

Svlfuf 

0  0*0  mu 

0  05-0  09 

0  040 

1  *!■.•©• 

o  :cwu* 

o  :<vo  J5 

C  !00 )5 

('VommMi 

0*0*1  !0 

0901.15 

ORO-I  IS 

MoNfctwiiw 

oii*o.:i 

0  IU).25 

0.JOO40 

VlfiidRMR 

- 

- 

Tne  complete  Military  Specification  M1L-S-1 1595D  (MR), 
dated  January  5.  t^bb,  entitled  ".Steel.  Ban  and  Blanki 
<llndcr  2  inchet  in  Diameter)  foe  Barrels  of  Small  Aimi 
Weapons",  a  included  in  Appendix  B  of  this  report. 

(U)  The  sleets  ipecified  hen  perform  well  aa  long  as 
firing  schedules  are  not  too  severe.  However,  if  eacetaively 
high  baciel  temperatures  are  generated  by  rapid  firing  for 
prolonged  period!,  aeveral  shortcoming!  of  steel  become 
apparent,  of  which  bore  erosion  tt  the  most  serious.  Then  ace 
sere  raj  consequences  of  such  erosion:  ( I )  the  riflinx  becomes 
worn  away,  leading  to  improper  spin  of  the  projectile,  and 

( 2)  the  bore  a  enlarged,  thereby  decreasing  accuracy  aid 
allowing  the  propellant  gas  to  escape  past  the  projectile,  thus 
lowering  the  nuuk  velocity. 

(U)  Erosion  or  enlarge  merit  of  the  bore  is  believed  to 
stem  primarily  from  three  sources: 

<  I )  Chemical  -  reaction  of  the  bore  with  propellant  gases, 
followed  by  removal  of  the  reaction  products;  this 
exposes  a  fresh  bore  surface  for  the  neat  wave  of 
propellant  gas  and  the  cycle  repeats  itself 

(2)  Thermal  -  melting  of  a  very  thin  layer  of  the  bore 
surface,  which  is  "washed  out"  with  the  escaping 

gases 

(3)  Mechanical  ■  wear  and  abrasion  from  the  sliding 
projectile. 


t  onwqurntly  .  much  alUntnwi  has  kren  domed  .wo  H.r  peel 
.111  years  In  lire  d.-veh»piiHiil  nl  tsar  ..illatsc  that  alt  sum  rw .1 
to  h>w  alloy  steels  with  101*41 1  In  fuelling  |Nunl  wear  ri  '*'!  arvt 
at  high  temperature,  and  r  ctviance  in  cheiitk  al  attack 
attempts  tu*e  taken  wrerat  dues  ihhis  as  an  .iivuswil  m  ,  .,it  r 
eestkm  However,  only  Iwo  developments  base  be-n  found  In 
give  pertorinanse  sultKiently  w|*rrr.rf  lo  that  nl  a  simple  sleet 
barrel  to  warrant  their  use  in  current  smell  arm*  nienulestufe 
I  be  se  are 

till  hromium  plating  of  the  bore  surlase 

t  2)  lining  of  the  breech-end  of  the  bnfe  with  Stellite  2  I  * 

la  <  n4  r  Mei  alloy  i. 

Both  were  Joels I*ed  during  World  War  II  and  were  used  in  ma¬ 
chine  guns  in  the  Pectin,  area  toward  the  .hre  nl  the  war  l  sad 
in  combination,  chromium  plated  bores  and  Stellite  21  oners 
increased  the  useful  life  ot  machine  gum  h>  a  lac  me  nl  1  wnen 
firing  short  hursts  and  hy  a  factor  of  10  when  finny  lory  bcirctc 
In  the  intervening  years,  the  procedures  rmpbryed  in  huth  plating 
and  lining  the  bore  have  been  optimised  and  studir*  have  been 
conducted  to  find  even  better  ways  to  minimirr  bore  erosion  At 
the  present  tune,  no  other  materials,  with  the  possible  exception 
of  columbtum-lmed  tleel  barrels,  have  been  demonstrated  to  h« 
consistently  superior  lo  thrum  ham-plated  steel  barrels  with  a 
Stellite  2 1  liner. 

(tl)  Despite  the  great  improvement  in  barrel  lifetime  offered 
by  chromium  plating  and  Stellite  2 1  Inters,  one  should  not  assume 
that  the  erosion  problem  is  solved.  Even  with  these  developments, 
a  60-caiiber  machine  gun**,  firing  30-round  bursts  ai  a  rate  of 
20  rounds  pet  second  with  2-minute  cooling  intervals  between 
bursts,  will  exhibit  excesarre  velocity  drop  after  unly  approximately 
400  rounds. 


APPROACHES  BE  INC  TAKES  TO  ALLEVIATE 
RARRE  1  -r  RQSION  PttOBLt  MSI  t.  i 


<U)  The  barrekeroston  problem  in  weapons  designed  to  fire 
hyperrelocity  projectiles  >1  high  rates  of  fire  is  closely  related  to 
the  maximum  temperatures  developed  at  rhe  bore  surface  and  the 
ability  of  the  barrel  :.Mlcri4l  to  function  properly  ai  these  tem¬ 
peratures.  Various  approaches  toward  alleviation  of  the  bore- 
erosion  problem  ire  being  undertaken  concurrently,  mchading 
development  of  methods  to  reduce  bore  temperat  jrer  and  de¬ 
velopment  of  improved  bam!  materials  Methods  Ihit  have  betn 
and  are  being  studied  to  reduce  bore  temperatures  include. 

( 1 )  Use  of  propellants  with  lower  flame  temperatures 

(2)  Use  of  propellant  additives  that  carry  away  heal  or  coat 
the  bore  (aho  called  boundary-layer  cooling) 

(3)  Use  of  deterrent  coatings  on  the  propellant  grams  lo 
modify  burning 

(4)  External  cooling  of  the  barrel, 

The  first  three  of  these  methods  are  discussed  in  Reference  S. 
External  cooling  of  the  barrel,  including  water-cooled  jackets  and 
bonucd-melal  jackets  of  high  thermal  conductivity,  are  discussed 
in  reference  3.  Attempts  to  improve  barrel  malmaia  are  doomed 
in  subsequent  sections  of  this  report. 


•See  footnote,  page  I. 

•*A  noncct.Tvtnlional  sue  used  for  feat  purposes  only. 
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MAILKUU  UIKULUI  i-ivil  > 

il  l  A*  inJ*  jtvgl  fjftit'f  Nilh  vhrtwinn’i  t'lili11!  inJ 
Millik  limitf  .  I  S'fr>  *!<■%» U i«l  H  jr  tl 

IV  in<|<ri<%t*^  e  ••♦•1*411*  mg  (Ik<  doi  It'fmrnt* 

lnggg\  r\  i|  m U'i\  t|  iti  AiKli(K*fi«l  « It. -it*  to  4*  t  clop  ovn  Nrllcf 
nulrnili  tkr»«.-rn  ll,4r*  4»nl  I^Nl,  rilm^K'  ffh'ili  iff! 
tffHkrt«ken  f»-  rrah/c  Ihi*  goal  IrKlutlrti  were  sluUirc  on 

1 1 >  B^rrrl  maun*!* 

< .  >  I  *nrf  migfc  rials 

|1»  SuiIai1  (iviiiiMiiU 

|h*rw  arr  irnrtvi  >nrfH  in  the  pjrjiN|'hi  flowing  TV 
maisHit*  ol  tt»i\  *ofl  was  tomlut  ifsl  b*  or  umt«  tV  suprr* 

•  isnm  ol.  hpnisg^ichl  SpnncKtd.  Vwiuwk huvrtfi*, 

and  ts  Jiituwil  m  grratcr  detail  in  Kdcrrmn  *  anti  4. 

lUmrl  Mdtcrubd’) 

il'i  rhr»^j(th.«ui  *«<rkl  ^ir  II,  (he  ifamlird  hanrl  ma¬ 
terial  was  MM  41  Vil  itrfl.  and,  4t  already  noted,  this  is  still 
>eing  uv*J  Hv’»orr.  othcf  material*.  iruluvhng  both  ferrous 
inO  mHiicmn**  lypc*.  hate  bevn  investigated 

Alko  block 

il  l  Numerous  allosr  steel*  were  studwd  in  an  attempt  to 
find  4  barti  l  material  superior  lo  41 50  steel  Alloying  e kment* 
studied  included  thromium,  ftKkel.  molybdenum.  tunjt*f*n. 
jrnj  »jn>lium  m  varvus  combination*  and  in  amount*  up  to 
X)  pefimi  tfchile  K'mf  of  the  alloy  sleek  showed  promise, 
only  one  showed  sul  I  k  tent  potential  advantage*  to  warrant 
further  development  I  ho  was  a  OMo-V  low-alloy  steel. 

A*  noled  earlier,  this  steel  is  currently  used  for  small  arm* 
barrels.  along  with  4150  steel. 

Titanium, 

<U>  In  the  early  1950's,  finny  testa  were  performed  on 
barrel*  made  of 

<  1 1  Unalloyed  titanium 

<2)  TM  Fenochromc 

< \)  T^iAMMo 

<4)  Ti-3Ak5Cr. 

Sever?  eremon  was  obvrrved  after  one  round.  It  was  concluded 
that  titanium  had  potential  as  a  barrel  material  only  when  the 
bore  could  be  fully  protected  from  the  propellant  j wars.  Some 
eflort*  were  made  to  uae  titanium  barrel*  with  molybdenum 
bnm  hut  ihesr  efforts  were  discontinued  because  of  numerous 
difficulties  wim  liner  insertion. 

<U)  In  19$  1.  a  JO-C4 liber  breech  section  made  of  motyb* 
dftwm  *n  test  fired  to  see  if  this  material  could  withstand  the 
Wp*omr  force*  involved.  A*  feared,  the  barrel  bunt  into 
seven  I  pkccv  No  further  work  was  dene  on  molybdenum 
bench. 

UklM.«bem4i(U) 

fill  In  the  many  efforts  undertaken  to  develop  improved 
brier  material*  during  the  period  1946  to  I960,  the  derive  of 
succesa  was  judged  by  comparing  the  performance  of  the 

•Currently,  the  Springfield  Armory  h  being  closed,  and  it* 
wnallwins  research  group  has  moved  to  Rock  Island  Arsenal. 
The  group  r*  under  the  direction  of  Dr.  A.  Hammer. 


laniihJaK  m|1rn*|  With  » •’ at  e*h*hi»i-<l  K>  Str*’;fr  '  |  ?vr  « 
t>|»r»  i’t  lim  f  injtrrui*  ^J>innj  t f .» *  m.  1-^-K -  J  al«* 

itn  I*  K^ilt  h4*r  otironiiijin  jw  *'.••*»  ■» *.  4  •  >  4* 

Ui*n  alutMinum  alluvv  rrnWi  Nir:.um  alloy  1  4lUty% 

vrr«mic*.  anil  ccrtnei% 

<\l>v)  Steel  Liner* 

fi  t  Sr»rfal  %»tf  h  •ff"  irtcd  a*  lirv-f*  *n  itrrl 

maihine  sun  barr«-k  l  <mi|\nyiHmi  are  sb*»»n  in  la^ir  I 

um  1  him  iivasv'  * 

1  mn  if  if  s  «.  ji 

**  •»  a  .  n  ;  i  * 

.  ;*  i  i 

invwiM  1  '*  ;  i«*  mi 

<  ,.^.-4  .  >  ,*#*«  4>  .14  l»  Vi  il  •  •  -  .  '  - 

■wan  :ai|,  lu^  IM  dm  .4m 

f  Ml  IWMM  »  » 

In  tevt-finrev  the  performance  cf  each  of  these  liner  mafertah  m 
mfenof  to  that  ol  Slelhlc  ’I  liners  The  man?  of  the  mrnded 
*trels  containing  titanium  arpeared  to  be  rtie\ci*r  hnttVenecs. 
leading  to  dufkultie*  in  mavhinmg  and  insrrtion.  amt  in  a.<i‘il  use. 
to  premature  velocity  km  due  toencrtsive  irackinr  ^nd  shipping. 
RecommendatHm*  were  made  tbst  additninal  ttpenmenf*  be 
conducted  ur<  tiUnium-heanng  cieels  to  drveU>p  rrt  atrt  ductility 
and  maihmjbilrty  Apparently,  however,  no  ad«^iKmal  wort  wav 
undertaken  on  steel  liner*. 

Cobalt-Base  Alloy  Dnerv 

IU)  Because  of  the  success  with  Stellite  2  \  fa  cobalt  tuv 
alloy)  several  other cobalt-ba^e  alloys  were  investigated  *v  liner  ma» 
tenall  Coinpoviti</ns  of  some  of  these  alloy*  are  shown  m  Table 
2;  the  composition  of  Stellite  2 1  t%  included  for  comparison. 

(U)  Performance  of  the  modified  Stellite*  compared  favor¬ 
ably  with  that  of  Stellite  21,  although  none  of  the  three  modifica¬ 
tion*  w»  found  to  be  suprnor  to  Stellite  2 1 .  For  eaample,  when 
firing  on  a  *02  erosion  schedule*  in  a  bOcaliber  barrel  at  a  rate 
of  20  round*  per  i.xond.  the  velocity  life,  based  on  a  CQOfp* 
velocity  drop,  waa; 

UatLMfisml  YslKittJWiJPttfld* 

Stellite  21  400 

Stellite  Modificat  on-He,i  I  315 

Heat  2  330 

Heat  3  390 

(U>  Cofcalt-hinfjten  allcyv  teal  fired  under  the  aanw  finn* 
achtduk  as  the  Stellites,  had  en  aeerafe  Telocity  life  of  225  rounds 
It  was  therefore  concluded  that  these  alloys  were  inferior  lo 
Stellite. 

(U)  Alloy  5-8 1 6  linen  were  erahuted  in  finny  tests  on  both 
.SOcaliber  and  .bOcaJibtr  machine  guns,  employing  a  CGI  350 
schedule**  and  a  50-2  schedule,  respectively.  In  a  limited  number 
of  tests,  S-816  was  judged  to  be  infenor  to  Stellite  21  in  the 
.SO-caJlbc*  barrel,  but  was  considered  to  be  a  usable  (though 
lUffitiy  infenor)  substitute  for  Stellite  21  in  the  ,60-tilibrr  barrel. 

<U)  The  remaining  cobalt-base  alloys  listed  in  Table  2  were 
test  fired  in  ,6Q-caiiber  barrels  and  were  found  unsuitable  as  liner 
materials 

■50-2  erosion  schedule  refers  to  '(Wound  bursts  with  2 -minute 
cooling  interrsit  between  bursts  and  complete  coobng  alter 
600  rounds. 

•*CGL  350  schedule  consists  of  a  35(Wound  burst  followed  by 
complele  cooling;  then  fire  successive  500- round  groups  ton- 
tatting  of  103-tuund  bunts  at  2-mmutc  intervals. 
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TAiLt  UIKMK  AL  1\*4*JKITK>H  Ofr  UlBALT  iASf-  ALLOY  LINI-r¥Ui 


SleHile  :i 

?> 

2  $ 

5  5 

1  0 

- 

2$ 

0.28 

10 

- 

- 

•si 

MokiilirJ  StclltL* 

Heat  \ 

20 

- 

- 

05 

9.7 

08 

012 

04 

- 

- 

Bel 

MoJiflrd  Strlhte 
Heat  2 

20 

- 

- 

0  5 

14  0 

12 

0.11 

0.4 

- 

- 

•si 

Modified  Stellite 
Heel  3 

20 

- 

$.0 

0.3 

as 

0.12 

0.3 

- 

- 

Sal 

7JCO-25W 

- 

- 

- 

- 

:s 

- 

- 

- 

- 

- 

7$ 

S-816 

y> 

20 

4 

as 

4 

4 

0.4 

0.S 

- 

4C6 

Sal 

Haynes  Alloys 
Hert  $3-1$ 

22.69 

13.36 

- 

0.4 

10.77 

2.7$ 

036 

041 

003 

- 

U 

$3-16 

22.76 

13.64 

- 

0.4 

11.02 

2.8$ 

0.38 

0.3S 

003 

- 

Sal 

L23I 

18.0 

10.0 

- 

- 

14.0 

- 

- 

- 

- 

- 

■al 

L60$ 

20.42 

10.16 

- 

1.7 

13.31 

1.62 

0.08 

0  50 

- 

- 

Sal 

$01 

33.62 

3.90 

2.5 

0.6 

7.76 

2.!! 

0.18 

0.72 

0.10 

- 

■al 

$03 

30.36 

6.48 

2.1 

06 

7.6$ 

I.»0 

017 

033 

au 

- 

Sal 

SI2-A 

31.30 

6.72 

2.5 

0.4 

7.97 

113 

0.13 

6.14 

- 

- 

•al 

3 14- A 

29.94 

6.60 

2.4 

0.4 

13.08 

111 

020 

OI2 

- 

- 

M 

(U)  Based  on  tha  sucoeaful  psrfoemance  of  cast  Stellite 
knars  In  machine  guns,  it  waa  fell  that  if  a  chromium-bane  allor 
could  be  developed  with  about  4  to  6  percent  tensile  elongation, 
it  should  not  crock  during  ruing.  A  S0Cr-3W-47Fe-O.6N  alloy 
wij  developed  that,  in  many  ca net,  exh-b-ied  tom  ductility. 
However,  despite  intensive  studies  on  elTcetx  of  varying  de¬ 
oxidation  "Tact ice  and  hot  worlun*  practice,  a  consistently 
ductile  material  could  not  be  produced,  dm  bomb  firrd  on 
a  $0-2  erosion  schedule  failed  after  300.  230.  and  264  rounds; 
examination  revealed  terete  cracking  and  eroefcm. 

(U)  The  conclusion  drown  from  this  work  sms  thsl 
chromium- bess  alloys  m  promising  liner  mateitsls  from  the 
standpoint  of  crcason  radiance  but  are  too  susceptible  to 
crocking.  If  tufTloem  ductility  could  be  developed  without 
sacrificing  other  detbgbk  propeities.  chromium- beet  tlloy 
hntn  would  probably  represent  a  significant  improvement  ores 
Statute  21  linen. 


OHamBUtcflMfcAlto  JLifso. 

(U)  Interest  in  chromium-bese-tUoy  linen  begin  early  in 
World  War  II.  A  surrey  of  ranoua  binary  snd  lemery  systems 
conducted  St  that  tune  indicated  thal  Cr-Fs  alloys  containing 
refractory  metals  I  tungsten,  molybdenum,  tantalum!  appeared 
promising  with  regard  to  st-ength,  ductility  and  resistance  to 
thermal  shock.  Screni  Cr-Fe  alloys,  possessing  high  melting 
pouits  and  excellent  corrosion  and  erosion  resistance  to  pro¬ 
pellant  gases,  were  prepared  and  evaluated  as  liners  These 
alloys  included: 

60Cr-l$M«-2SF« 

JOCr-JMo-dSFe 
60Cr- 1 0Mo-30Fe 
S0Cr-3W-47F*O.6N 

SOCr-3W-46Fa  (Vacuum  netted  and  cast). 


(U)  Severs!  600-1 $¥o-2SFe  U Ben  note  test  (bad  in  .60- 
catbrr  tsrrcb  on  a  50-2  erosion  schedule.  On  the  bads  of 
relocity  lift,  they  sen  slightly  superior  to  Sulhu  21  (430 
rounds  venue  400  rounds  bared  on  200-fpt  velocity  drop). 
However,  they  were  only  fsir  on  tbe  bests  of  ytw.  It  was  coo- 
ctudnd  that  those  hntn  letansd  user  very  srefl  but  west  suo- 
csptible  to  crocking 


(ID  Early  studies  invoking  Firing  tests  of  nickel  and  nickel- 
alky  liners  demonstrated  that  these  materials  were  eery  suscepts- 
bts  to  intergrtnuiar  attack  by  the  propellant  gases  unless  property 
alloyed  with  chromium. 


<U)  Unas  of  50t>5Mo-45Fe  and  60Cr-l0Mo-30Fs  were 
aho  test  find  under  the  conditions  described  abors.  Tbe  pet- 
formanc*  ot  the  SOCr-JMo-45Fe  liners  was  similar,  although 
Slightly  Inferior,  to  thal  of  the  60Cr-l  SMo-2SFc  Umn;  barrel 
Ufa  wan  limited  by  riceswre  y»w  rather  than  by  velocity  dioy. 
Evaluation  of  the  relative  merits  of  the  b0Cr-!0Mo-30Fe  linen 
was  not  attempted  became  the  bemb  had  been  chron-xnn  plated 
ahead  of  the  Hast. 


(U)  Compoeiticsie  oi  some  of  the  chromium-containing 
rockeFbue  alloys  meestjgited  tte  shown  in  Tabfc  3.  Test 
firing  of  Inconel  X  gave  results  inferior  to  those  for  Stellite 
21 ;  the  lands  sserr  wen  hetvily  and  there  was  evidence  of 
intergronuler  attach  of  the  bner  The  perfomsnee  of  Nimomc  90 
ws  Ukswise  unsatisfactory;  much  of  the  lx -re  surface  showed 
intergrtnuiar  checking  rod  corrosion,  as  well  ts  wear  and 
■symriiig. 
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TAHIF  3  IIIFMK'AI  COMfOSinoN  Of  NKKHBASF  ALIOY  UNFItS**  *  IU> 


Meterul 

Vt 

Mo 

Mn 

W 

F» 

C 

Si 

5,-b 

Al 

Ti 

Other 

Inconel  \ 

14  7 

- 

055 

- 

6,73 

0  03 

0  4U 

1  ON 

0.7| 

2  38 

- 

Nimon*  **0 

20  7 

- 

0.70 

- 

out 

006 

i.:v 

- 

0.32 

3  48 

21.1  (u 

lUMrlhty  1’ 
tModilxU) 

8.0 

22  5 

05 

2.0 

J  2 

0  1 

0.5 

04 

- 

- 

- 

1  U>  nr  i 

AIV* 

22.0 

6.3 

0.75 

1.0 

230 

0  25 

Oft 

1.5 

2.5 

1.5 

0  IB 

Ml  BilidiT  Ni 

(Ul  Texting  of  liners  of  modified  llislelloy  <'  ksi  to  the 
coeKhivon  that  this  meterul  war  not  sufficiently  durebie. 

(U»  A  Haynes  All-4  Imet »«» tot  fin'd  in  a  60-caliber 
birrel.  Aftet  only  I  SO  rounds  of  the  St)-;  erosion  schedule.  the 
velocity  drop  (needed  .'00  fpt  end  the  liner  wee  found  to  be 
cracked. 

tin  Based  upon  these  results,  nickel-bear  slkrys  hm  not 
been  considered  stronj  candidates  for  erouon-muUnt  linen. 

Iporr.- Aluminum- Alloy  liners. 

tUl  Too  imo-ilummum  illoy  linen  were  test-fired  in  .SO- 
caliber  bsnelt  with  the  COL-350  schedule.  Alloy  compositions 
were: 

Fe-bAMCb 

Fe-SAHTi 

For  both  nuleruls.  the  liner  wts  "wished"  into  the  bore  after 
only  200  to  30 0  rounds  had  been  fired,  ft  was  concluded  that 
these  alloyt  are  unsuitable  foe  use  as  linen. 

Molybdenum  and  Molybdenum-Alto-lanm. 

Of  the  venous  metals  and  alloys  considered  foe  use  as  bane) 
liners,  probably  none  has  received  mors  attention  than  molyb¬ 
denum.  Its  oulsUiv  -.it  charactehstka  appear  to  be  iu  tilth 
me] tins  point  (mol  jenum  melts  et  2600 C,  compared  with 
1450  C  for  fun  stet  and  1 230-1300  C  for  Stellit*  21)  and  its 
resistance  to  attack  ry  het  propellant  fases.  In  early  tests  on 
unalloyed  motybdei  urn,  il  was  found  to  ba  too  soft  at  hlfh 
temperatures  to  sr  mt  the  entnvint  stresses  and,  hence,  the 
Unde  were  quick'. /  flattened.  Alloyint  with  0. 1  to  0.2  percent 
cobalt  increase!  the  hot  hardness  of  molybdenum  sufficiently 
to  ortroome  tins  problem. 

(U)  Another  problem,  tv„;  of  brittleness,  arts  not  to 
easily  overcome.  Molybdenum  undergoes  i  ductility  UsnnUoe 
ae  its  temperature  is  changed.  At  low  temperatures  (inctudin* 
room  temperature >.  molybdenum,  unless  extremely  pun,  is 
very  brink  under  (erode  loud  in  g.  whereas  •(  elevated  tempera- 
turn  it  exhibits  appreciable  tenatk  ductility.  When  a  pun  is 
fired,  steep  temperature  pradknts  occur  it  the  bore  surface, 
giving  rise  to  compresses  stresses  in  the  hot  surface  kyen  m 
they  try  to  expend  apainst  the  restraint  imposed  by  the  arijer- 
tying,  relatively  cool  layers.  If  the  thermal  stress  is  pretl  eraiugh, 
the  hot  layers  anil  deform  plastically.  Upon  costing,  the  sur¬ 
face  Is  yen  wifi  have  to  stretch  to  return  to  their  original  di¬ 
mensions,  Le„  they  will  be  stressed  in  tension .  Tension  stresses 
in  molybdenum  at  temperatures  below  the  ductile-brittle  tran¬ 
sition  frequently  lead  to  fracture.  This,  in  fact,  has  proved  to 
be  the  mayor  problem  in  molybdenum  linen.  After  firing, 
cracks  ire  frequently  found  in  the  Unen',  this  kadi  to  the 
possibility  of  loosened  particles  jsmming  the  bore  or  allowing 
the  propellant  paves  to  leak  through  to  the  underlying  steel 


with  consequent  rrotton.  This  susceptibility  to  brittle  cracking 
is  particularly  dangerous  m  e  weapon  because  the  extent  of 
damage  cannot  be  predicted  with  car,fidenc*if>. 

<U(  Many  efforts  wen  made  to  overcome  this  brittleness 
problem,  because  it  wee  known  that  molybdenum  w«  superior 
lo  Stellite  21  with  respect  to  erosion  resistance.  Attempts  were 
made  to  improve  the  ductility  of  the  liners  by  alloying  and  by 
developing  belter  mechanical- working  schedules  and  slivsvrelief 
treatments.  In  addition,  attempts  were  made  to  take  advantage  of 
the  directiontl  properties  associated  with  heavily-worked  molyb¬ 
denum.  Other  approaches  included  sue  of  1 1 1  segmented  molyb- 
densj  m  liners  of  various  designs  ( 2 1  double  liners,  us  which  the 
molybdenum  is  encased  in  •  material  having  an  expansion  co¬ 
efficient  midway  between  that  of  the  molybdenum  and  that  of 
steel,  and  O)  molybdenum  Unen  made  by  power  metallurgy 
methods.  None  of  the  efforts  was  successful  in  eliminating  brittle 
cricking  in  molybdenum  linen,  even  though  it  was  demonstrated 
that,  an  the  avenge,  use  of  properly  fabricated  and  destined  molyb¬ 
denum  linen  resulted  in  increased  barrel  lifetimes  in  companion 
with  Ihose  of  Stellite  21  linen.  Since  1457,  little  additional  effort 
has  been  made  to  develop  -mproved  molybdenum  linen.  However, 
it  k  still  viewed  ae  I  promising  material  for  linen  if  a  means  can  be 
found  foe  lowering  the  ductile-brink  transition  temperature  suffic¬ 
iently  to  eliminate  the  cracking  problem. 

Cohim  bium-  Baac-Alior  Linen. 

(U)  The  experience  with  molybdenum  Unen  kd  to  studies 
of  other  refractory  metals.  Coium  bium  appeared  particularly 
promising;  Its  melting  point  wai  nearly  as  high  at  that  of  molyb¬ 
denum  and  its  ductile- bnttk  trsnutwr.  temperature  was  well  bo- 
low  room  temperature.  Ir.  addition,  its  thetmsl-ex  pension  co¬ 
efficient's  being  conkderably  greater  than  that  of  molybdenum, 
reduced  the  thtrmal-e*  pension  mismatch  between  the  bner  and 
the  steel  barrel. 

<Q  One  problem  with  (ohiaabrumappean  to  be  unuffickat 
hoi  hardness  Attempts  to  overcome  this  deficiency  include 
alloying  with  tantalum  or  ucxmkim.  cold- working  and  oxKlafkxi 
of  the  surface  to  produce  interstitial  hardening-  Tests  with  pertsaF 
length  Unen  have  been  encouraging  However,  the  mori  significant 
advanca  in  refrac  tory  Unen  involves  the  development  of  tnuvwaU. 
full-length  Unen.  Firing  »c-*s  on  batrek  containing  full-length 
cohimbeum-ttnen  of  0.025  lo  OOJOsnch  wall  thickness  tnler- 
sti daily  hardened,  resulted  in  been!  Ufctimes  significantly  greater 
than  thorn  obtained  with  SteOite  linen  or  with  molybdenum  Unen. 
For  exampk,  in  .50<aUbtr  barrels,  firing  85  rounds  per  minute  in 
20-round  bursts,  the  following  barrel  lifetimes  were  observed: 

Uaa  lMBl.Uffiiniiu.iPufld». 

Statute  1500 

Molybdenum  2300 

Cohunbwm  3500 
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tl’l  Most  oi  the  woik  .undiKtcd  on  iiduinhiuni  lim-ls 
too*  pU,e  in  the  tale  IVMI's  and  the  promising  results  appeared  11 
to  warrant  addtlhusal  rflsul  llowtrt.  e  psnnlrd  pul  tirlet 
to  Ihn  fr(>*ft,  interest  tit  imprusing  small  arms  waned  mi  the 
earty  l*Ml  i  etui  it  eppeeo  that  no  lislhsw  up  wort  vet  u» 
ductrsi,  other  then  iful  whnh  hit  recently  been  mitulni. 

leiarnn  and  ter  met  Linert 

tl't  Vanous  itrttnii  ami  sennet  materials  might  he  con¬ 
sidered  taleely  candidates  at  Parrel  linen  because  ol  their  htfh 
mailing  piums,  high  heM  hatJnrse,  a  net.  in  funs  sases,  resistance 
Co  re  as  don  with  propclUnt  r axe  However.  at  with  molybdenum, 
it  mighl  he  anticipated  that  heiltlencss  would  impose  inert  pro- 
Nrtm. 

(V't  It  appran  that  little  ellnrl  ha»  been  made  to  me  rueh 
matenah  tor  pun  linen.  Report!  of  an  attempt  to  uw  a  ihorl 
oeiele-uUeatf  liner  m  a  Sthealihcr  bant!  indicate  that  cracking 
Occurred  on  the  Tint  round  and  eomplete  IrapmentatHm  alter 
ID  rounds.  Similar  results  nerr  obtained  with  a  SR'  Ni  etrmel. 

Surface  Treatments 

1 1'  I  Numerous  attempt!  hare  been  made  to  improve 
bwnl  performance  hy  treating  the  bore  turf  act  to  improve 
■It  hot  hanlncm  and  ill  iruitrmr  to  attack  hy  the  propellant 
|nrv  At  already  noted,  chromium  plating  war  found  to  be 
•cry  effective  in  improving  barrel  lifetime.  In  combination 
unit  a  Stellite  21  liner,  it  formed  the  ttandatd  for  companion 
when  evaluating  other  method*  foe  improving  barrel  lifetimes. 

NjlndHig. 

<U)  Nilnding  n  a  proceea  whereby  nitrogen  h  introduced 
into  the  uirface  of  tteel  to  impart  a  hard,  wraorcinlant  turf  are. 

<U>  Tests on  minded  lamb  indicate  improvement! 
over  untreated  barroli  but  not  a!  great  ai  those  due  to  chromium 
plating  llung  the  two  treatment!  together,  i.c  ,  chromium 
puling  over  a  minded  layer,  has  been  demonstrated,  in  certain 
instances.  to  give  better  performance  than  chromium  plating 
alone.  However,  the  benefits  of  the  minding  prior  to  chromium 
plating  apparently  are  not  sufficient  to  warrant  the  additional 
operation.  Consequently,  current  practice  u  lo  use  the  chrom¬ 
ium  plating  alone. 

LtUBnuuQii 

(U)  Chromizing  is  a  process  in  which  a  chromium- rich  layer 
■s  formed  on  a  tteel  surface.  One  procedure  involve!  a  displace¬ 
ment  reaction  in  which  chromium  atoms  from  a  chromium-iodide 
vapor  replace  iron  atom*  in  the  steel.  Chromized  steel  has  a  num¬ 
ber  of  characteristics  that  seem  to  be  attractive  from  the  stand¬ 
point  of  Improving  gun-barrel  lifetime.  These  characteristics  in¬ 
clude:  ( 1 1  resaunce  lo  oxidation  and  scaling  at  high  tempera¬ 
ture*.  (2)  good  adherence  lo  the  bee*  metal,  and  (3) good 
thermal-ihock  resotanca. 

<U)  Although  chromizing  has  been  considered  for  urn  on 
bore  surfaces,  no  reports  have  been  located  that  would  indicate 
that  any  firing  too  have  ever  been  conducted  on  chromized 
barrets. 

CfrvfnjvaHrcc- Altar  rutim 

(U)  A  proceea  lo  elactrodepaeit  various  chrom bum  Iron  tfloys 
received  corasderabie  attention  ee  a  means  for  improving  the  life¬ 
time  of  tteel  barret  Oepoaita  studied  included  as  Unit  m  $0 
percent  chromium  to  as  much  as  94  peter  nl  chromium.  Despite 
tome  promising  results,  the  procedure  was  not  developed  to  the 
point  where  it  equaled  or  exceeded  chromium  plating  aa  a  method 
for  Improving  barrel  performance. 

VgrerDmnUttl  Cwiina. 

(U)  Limited  studies  have  been  conducted  on  vapor  deposi¬ 
tion  of  these  coalings  of  molybdenum  and  tungsten  on  steel 
barrels.  These  studies  have  been  concerned  primarily  with  attain¬ 
ing  good  adhesion,  uniform  thickness,  and  a  suitable  micro- 
structure.  Apparently,  no  firing  tests  have  been  conducted 


51MMAIO  Of  tVRIU.M  RKVt.KAMMt  > 

Risk  Island  Arsenal  till 

tl'i  three  rroteci!  are  underway  at  Rush  Island  Annul. 

I  Km  k  Island.  Illiwni  fhe  protects  involve  liner  melmaJv 
minut*.lunng  mrlbmlv.  and  hner  lieaimvnt  methods  Spec* 
fnaily.  I  he  Mtowing  pngraaws  are  bring  pursued 

III  l tpknire  bunding uf  refraclory-rwrlal  Imres  to  sleeL 

I  <  or  t  imwon  of  refers  tory  metal  liners  *nh  steel 

Ol  Ion  it  ruling  I  giow-dwc  barge  minding  I  of  cirri 
tiplmr/e  Bonding (U) 

till  l  splovrc-hofuiing  eiprnmenis  are  bring  conducted  m 
cooperation  with  f  rankfurd  Arsenal.  Preliminary  work  on  this 
subject  bad  hren  done  m  IUbJ.ll  H  In  currrnl  work,  the  initial 
experiments  consoled  of  bondmg  e  slnp  of  tantalum  onto  a 
stnp  of  steel  Subsequently,  ta/2-mch  lengths  of  untaium 
tubes  were  explosively  bonded  uilo  smooth  sleet  lubev  The 
Ihml  step  was  to  bond  adorf.  Ihur.  lantahnts-alloy  IT  1 1 1. 
Ta-hW-2Hf)  tube  into  a  pnnfled  Steel  tube,  thereby  forming 
the  rifling  on  the  Untaium  Met  at  the  time  it  ts  rspkvsrvrly 
bonded  Inilul  inspection  of  the  resultant  fanlalum-alloy  lined 
steel  lube  revealed  some  cracks  atony  the  rifling,  hut  this  was 
thought  to  be  the  result  of  starting  out  with  hard  cold-worked 
Untaium. 

(U)  At  this  writing,  steps  are  being  taken  to  apply  explosive 
bonding  to  longer  tubes,  no  mulls  are  available. 

fU )  One  of  the  additional  advantages  of  explosively  bonding 
the  liner  would  be  that  in  the  process,  gain-twist  nfling  would 
be  incorporated.  When  the  hner  is  introduced  by  swaging  onto 
a  solid  mandrel,  on  the  other  hand,  gaut-iwni  nfling  cannot  be 
used  because  of  the  obvious  problem  of  removing  the  mandrel. 

Cocxtruuon  (U) 

(Cl  A  firing  lest  program  it  under  way  to  evaluate  coex- 
truded  tubing  prepared  in  19*6  under  a  contract  between  Nu¬ 
clear  Metals  Dtvtston  of  Whittaker  Corporation  and  Spring- 
field  Armory.  The  preliminary  cocxtruswn  trials  were  made 
on  AISI  4150  steel  with  a  Ta-IOW  liner.  The  tubing  as  sup¬ 
plied  had  an  OD  of  1.4}  inches,  including  a  IT-md-ihrek.  low- 
cirbon-tteel  extrusion  jacket.  The  ID  wax  0.J20  inch.  A 
total  of  54  pieces  were  aupphed.  ranging  from  24  lo  30.5 
inches  m  length.  In  47  of  there  the  Ta-IOW  liner  had  a  thick- 
nesa  of  25  mils:  in  the  other  7  the  liner  thickness  was  10 
mib<  >').  Final  decision  had  not  keen  reached  as  to  liner 
alloy  and  thickness,  as  of  January  30.  I%i.  A  tentsirra  con¬ 
clusion  based  on  two  cxtnaeioa  trials  and  one  firing  test  is 
that  the  hner  was  sveU-booded  to  the  steel  barrel,  and  that 
somewhat  less  wear  occurred  at  the  origin  of  rifling  in  the 
composite  barrel  than  in  a  chromium-plated  tteel  standard 
bant'. 

lonilridintOJ) 

(U)  The  “lonitridiagr  peaces  k  a  name  given  lo  the 
lerghaut  glow-discharge  method  of  nitridiag  with  nitrogen 
Investigation  of  the  peons  and  its  applicability  lo  gun-barrel 
Ifealihenl  is  an  in-house  proyrl  t  si  Rock  island  Anrrtai. 

(O  In  a  firing  test  with  M-bl  turrets  I  six -barrel.  20mm 
Vulcan  gun)  the  fodowiag  ware  evahiatcd: 

<A)  2  barrets:  s>  sad  and  chromium  ptaled  star! 

(B)  2  barrels,  loartnded  star! 

(C)  2  barrels'  loartridcd  snd  chromium-plated  sterf. 
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ti‘1  A  tD.lXXVri-und  firing  pn-*rain*  was  planned  (or  the 
rum#  teals,  that  is,  'turn  round*  per  hanrl  Hi*  1**1*  were 
letni-nited  l*rfiirv  completing  the  entire  Ml.OIIU  round  whestule 
Nr*au*r  --1  a  '\ooipk-i*  failure"  1  ‘  f  .  trparaihM*)  ot  one  ol  the 
”1  "ham!*.  Finn  to  thi*  event.  alter  '  I  .that  round*,  on*  ol  the 
"I”  minded  tviml*  had  hern  mmned  Inn  au*r  of  mruirr 
vekx.it)  k***i'2tat  Ipml  At  lhal  turn-  holh  the  A"  and  fire 
"A"  haml*  were  in  satisfactory  *ondtli**n 

tl'l  Thux  preliminary  e*penn*rni*  *r»m  to  indhale  lhal 
the  lomindeii  hanrl* oiler  no  adiamage* o*er  the  nandarJ 
chronuum  rlalcJ  ha-rrl*.  Ne**nh*k*».  lUirenl  plan*  call  for 
continuing  repenmemmg  with  the  praxes*  in  an  *r  tempt  Co 
improve  n. 

Army  Me*hynx>  and  Material*.  Research  Centefi I.'* Ill) 

ft' I  At  the  time  of  Ihn  writing,  AMMRC  report*  that 
they  have  a  *  lavuiied  program  with  llenerai  k lee Lnc  Company 
on  gun  haml  material*.  Presumably  thn  would  he  foe  the  Mint- 
g'jn  Further  detail*  are  being  provided  to  DMIC,  but  they  have 
not  yet  been  received 

EglwAir  Forve  Base1 14>  (Ul 

tUl  Fglm  AFB  rrpvel*  that  they  have  a  program  with 
Alcneraf  Motor*  Corporation  on  the  vapoe  deposition  (“vapor 
plating"  I  of  fungtten  mode  ttcel  burets.  No  detail*  are  available 
on  the  progress  of  the  program. 

<U)  Presently  under  conuderation  by  Eglin  AFB  are 
program*  tor  coextruuon  /(  Ta-IQWIined  *teel  barrel*.  How¬ 
ever.  no  eontnvt*  have  been  (el. 

in  Research  Institute*  (U) 

Exploratory  investigation  of  the  entiton  of  pin-barrel 
material*  ha*  been  earned  out  in  recent  yean  by  JIT  Research 
Imtitute.  Moil  of  the  work  was  supported  by  in  house  funds 

(t'l  The  ipparalut  used  *«*  described  as  a  high-pressure 
vented  bomb.  In  this  device,  the  hot  combustion  gate*  from 
a  37  mm  cartridge  burning  M  2  double-base  propellant  escape 
through  e  replaceable  norite.  The  norite  is  made  of  candidate 
txrrel  materials  and  u  subjected  to  the  scrubbing  action  of  the 
hot  combustion  gases  and  un burned  powder,  but  not  to  con¬ 
tact  with  a  projectile. 

<U>  The  following  insert  materials  wen  investigated: 

AISI  4 1  SO  steel 
Udimct  700 
D5  die  steel 

AISI  4140  steel,  with  bofonized  coating 

High  vanadium  high-speed  steel:  I  (402 

JZM  molybdenum  alloy 

TZC  molybdenum  alloy,  boronuad 

Waspaloy.  boronued 

Ta-10W  alloy,  nitrided 

Te-lOW  alloy,  bin 

Wright  km,  hardness  change*,  and  meUllographk  carunination 
wen  used  to  evaluate  the  candidate  materials. 

(U)  In  addition  to  being  used  foe  materials  evtOuabort,  the 
imtl  device  served  «  a  mtens  of  investigating  the  affect  of 
additives  to  Use  propellant. 


*(C)  The  ruing  schedule  was  1 200  rounds  in  foul  bunts  of  300 
rounds  each  (this  take*  about  3  sac),  with  IS  seconds  be¬ 
tween  bursts,  foftowsd  by  complete  cooling  snd  examin¬ 
ation. 


tUl  Preliminary  evaluation  suggests  that  I /Mend  I/< 
molybdenum  alloy*  and  le  UiW  arr  uipenor  to  other  material* 
letted,  in  tetts  made  both  with  and  without  a  Ini;  add  live 

PIM,  USSION  ANP  (  OM  LLSIONb  <  (,  t 
Limiiatmm  of  Barrel- Material  Stud.es  fl.'i 

tin  Tim  hrsrf  review  of  Ihe  literature  indicate*  lhal  a 
Wide  »anety  of  material*  hate  been  iludied.  and  subsequently 
refected,  a*  vandilatet  for  sm  pstn  mg  the  lifrtimc  of  tmaJ! 
atmi  gun  barrel*  In  tome  isxct.  the  studies  teem  to  have  been 
**ry  thorough  anj  involved  repeated  attempt*  to  optimize 
pfixesamg.  deugn,  and  fabrication,  fuithermorr.  con-.luuonv 
were  hived  on  »  large  number  of  carefully  controlled  Print 
te*n,  followed  by  an  elimination  of  the  bore  surface  to  iden¬ 
tify  Ihe  cause  of  failure.  Al  the  other  extreme,  a  particular 
miten.il  may  have  been  tested  in  only  one  barrel  amt  the  cauw 
of  failure  may  nol  have  been  established  Thn  laltet  basis  for 
disqualifying  a  matenal  n clearly  insufficient,  hut  even  the 
thorough  testing  may  leave  a  number  of  question*  unanswered 
For  esample,  in  certain  cases,  (he  matenal  under  test  exhibited 
a  kfetii.se  less  than  that  shown  by  a  Stellite  2 1  liner  when  tested 
under  a  particular  firing  schedule  However,  it  is  entirely  pos¬ 
sible  lhal  under  s  different  firing  ichedule  Ihe  performance 
mitnp  would  have  been  reversed.  To  be  truly  meaningful, 
theic  matenal  evaluations  should  lake  mlo  account  several 
factors,  including: 

<  I )  Caliber  of  the  weapon  -  the  relative  rating*  of  several 
barrel  material*  may  not  be  Ihe  same  for  weapon*  of 
different  caliber.  This  could  be  the  result  of  different 
unit  which  influence  heat  transfer. 

<2)  Type  of  propellant  -  both  composition  and  flame 
temperature  msy  be  important  in  determining  the 
severity  of  attack  of  the  bore.  Foe  example,  it  is 
known  that  Stellite  2 1  liners  melt  very  quickly  when 
used  with  a  double-base  propellant,  but  g»e  reason¬ 
able  lifetimes  with  a  singje-bavc  propellaml2)  |f 
s  high  flame- tempera  lure  propellant  is  used,  it  is  likely 
that  any  refractory  material,  even  though  tuscepnblc 
to  brittle  cracking,  will  outperform  the  lower  melting 
Stellite  21. 

(3)  Firing  Schedule  -  this  Is  an  extremely  important  fac¬ 
tor  in  evaluating  various  materials.  Relative  ratings 
of  various  bon  materials  established  foe  one  fuing 
schedule  msy  be  meaningless  for  a  different  firing 
schedule.  For  example,  a  high- men  mg- point  bore 
material  that  is  brittle  st  room  temperature,  might, 
if  fired  continuously  until  failure  occurred,  out¬ 
perform  a  Stellite  liner,  which  would  rapidly  exceed 
its  melting  point.  On  the  other  hand,  ruing  in  short 
bursri  with  intermediate  cooling  would  probably  re¬ 
mit  in  cracking  of  the  brittle  material,  whereas  Ihe 
Stellite  would  perform  well 

(4)  Composition  and  condition  of  the  material  being 
evaluated  -  this  point  should  be  obvious  but  it  ha* 
received  UlUc  attention  in  the  various  materials 
evaluation*  described  in  this  report.  The  fact  is  that 
the  strength,  hardness,  and  ductility  of  materials,  both 
»t  ambient  temperature  end  at  the  temperatures  en¬ 
countered  in  ihe  bore  during  firing,  are  highly  depen¬ 
dent  upon  the  chemical  composition,  and  mechanical 
and  thermal  history  of  the  material. 
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(?)  AKrnUw  to  kicujn  .trwi  Nhrx  jIhwi  ik-tiiW  -  *hcn  a 
knei  a  u«rj  m  a  *uit  bam),  * o« wdc ration  mutt  h< 
fivtft  to  ill  (h<rnul-<tpanw<m  torirkitnl  in  trillion 
to  Ual  ol  th*  barrel  material  Stellite,  tor  ctampie. 
<«F4itJt  monr  than  jun  «ircl.  whereat  molybdenum, 
and  irnwl  other  hifhrorlimf-tvMni  materuU.  etpand 
let*  than  tied.  Thin  allow t  the  pr>w!>i(i!y  that  the 
tleel  will  etpand  away  from  the  liner,  leaving  it  uiv 
fUpported.  and,  therthy,  re^uirr  it  to  tarry  the  enJirt 
pretaurr  load.  *ith  regard  to  fahrKatton,  it  »  im¬ 
portant  that  «  Imer  he  allached  to  the  ham)  in  unh 
a  way  that  no  dlilting  of  position  can  occur  during 

ftnnju 

{ft)  Reason  lie  haml  failure  in  firing  testi  -  hamls  fail 
for  vinous  reasons,  including  wearing  of  the  lands  at 
the  ongtn  of  filling,  .racking  at  the  bore  surtace. 
melting  of  the  hofe.  or  hore  cnmnft.  In  attemptmc 
to  improre  the  performance  of  a  particular  type  of 
matrnaJ.  it  is  important  to  know  what  led  to  failure. 
Foe  esample,  if  the  bore  surface  melted,  little  benefit 
wot  Ut  be  gained  by  a  program  aimed  at  improving  the 
ductility. 


OlRICnONSJESiRFUIURfi  R.ESEAKH<U' 

(U)  ll  seems  dear  that  earlier  work  on  gurv-btrrel  materi¬ 
al:  failed  lo  anCKipale  (he  high  fmnr  me:  that  modern  tun 
system*  are  mechsmcaily  capable  of  providing  The  login* 
and  lacttcal  advantage*  of  a  longer  lasting  barrel  in  high-firing- 
rale  |um  are  obvious.  although  economic  considerations  might 
preclude  the  application  of  certain  material:  capable  of  securing 
their  advantage*. 

(U)  Future  meareh  on  gun-barrel  material*,  it  would  seem 
from  an  analyse  of  the  past  and  current  work,  mutt  emphasise 
the  need  for  iceete  firing  schedule*  Many  materials,  previously 
discarded  on  the  basis  of  cursory  evidence,  should  be  reexamined 
in  the  light  of  current  needs,  but  the  trend  towards  refractory- 
metal-  alloy  linen  seems  logic li 

<U)  The  msronty  of  past  and  current  efforts  to  improve 
barrel  performance  hare  emphasised  the  use  of  linen  in  steel 
barrel*  If  maximum  performance  is  to  be  achieved  in  modem 
gun  systems,  it  may  he  necessary  to  find  barrel  materials  super¬ 
ior  to  steel  that  will  be  capable  of  operating  for  long  limes  at 
temperatures  in  excess  of  I5(W  F  without  distortion.  Nickel- 
base  sod  coball-base  supctaUoy*  and  poeubly  even  refractory- 
metal  alloys  an  candidates  for  this  application  and  should  re¬ 
ceive  sttentioo  concurrently  with  liner-development  programs. 

fU)  In  matiy  instance*,  the  lack  ot  manufacturing  method* 
w<*  a  deterrent  to  the  preparation  of  candidate  barrel*  suitable 
for  test  firing.  A*  an  example,  shrink  fitting  of  certain  combin¬ 
ations  of  liner  and  tube  has  not  been  developed  to  the  extent 
needed  to  make  tong  barrel*^).  Clearly,  manufacturing-methods 
development  must  accompany  the  malerials-dcvelopmcnt  pro¬ 
grams  if  diffkult-to-menufscture  combination*  are  designed. 
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Am-NDIX  8  (Ul 

MILITARY  SM  t  IKK' A  THIN  STEH.  BARS  AND  81ANK5  tUNllfR  2 
IM’lltS  IN  DIAMI  Tt  Hi  K)R  BAKHHS  OK  SMAL1  ARMS  WKAK3N5  <U| 
MIL-S-IIViMXMR),  3  Isnuary.  IK* 


lU)  I.  MOTE 


lU)  II  Svv’pe  Ihti  iphifKjlHM  4'4Htn ilkiy  dcfl  Nn ind 
blanks  unJer  -  inches  in  diameter  fin  uv  in  the  manufacture 
or  barrtli  for  vtull  imi  weapons  free  t>. I  ami  6.31. 

(Ul  I.:  LUwfhaINfl. 

(Ul  I.M  ('unpoul.-on  Bar.  am!  blanks  dial!  be  furnished  in 
the  compouiwm  listed  «.'•  oble  I,  u  specified  (ice  6.2). 

(Ul  I.M  Condition  Ben  and  blanks  ihill  be  furnished  in 
the  following  conditions,  n  specified  (we  6.2  end  6.3). 

Ben  (mill  length). 

Hoi  rolled,  as  rolled. 

Hoi  rolled  and  annealed  (lee  6.6). 

Quenched  and  tempered. 

Blanka  and  gun  barrel  bar  length!. 

Ai  rolled  or  as  forged. 

Cold  formed  blanks  (lpherotdut  annealed 
before  forming  I 
Quenched  and  tempered. 

HJI  2.  AfFUCABLE  DOCUMENTS 

(U)  2.1  The  following  document!,  of  (he  issue  in  effect  on 
date  of  invitation  for  bids  or  request  for  proposal,  form  a  part 
of  this  specification  to  the  extent  specified  herein: 

specifications 


I  Application  fue  copies  should  he  eddiwwd  <u  the  Vsiriy 
of  Automotive  I  rtgincers.  Inc.,  485  lemigtun  Avenue.  New 
Tock.  New  York  10017.) 

(Technical  society  end  technical  association  sprcifnalmnc 
and  ilandardt  are  grncrslty  available  for  reference  from  la 
brines  They  are  tho  distributed  among  technical  groups  and 
using  Federal  agenc  m  ) 

(Ul  J.  REQUIREMENTS 

(Ul  3  1  Chemical  composition  The  chemical  composition 
shall  conform  to  the  requirements  shown  in  table  I. 

TABLE  I.  CHEM»CALCOMPOSITION,-:-,il:) 


_ Composition  . 

ORD4I50 

_ QBP_41i5 _ Jg£su|fpnzfdL 


Chrome-Moly 

Vanadium 


0  47-051 

0.70-  1.00 
0040 
0.05-009 
0  20  -  0  35 
080-  1.13 


0  41  0  49 
0.60-0  90 


080-  115 
0  30  0  40 
0.20-0  30 


Military 
MIL-M-1 2286 


•Macroetch  Test  and  Macro¬ 
graphs  for  Rcsulphurued  Steel 
Ban.  Billets  and  Blooms. 


STANDARDS 


FED.  STD.  NO.  48  -Tolerance i  Tor  Steel  end  Iron 

Wrought  Products. 

FED.  STD.  NO.  66  -Steel:  Chemical  Composition 
and  Hardcnability. 

FED.  TEST  METHOD 

STD.  NO.  1 5 1  -Metals:  Test  Methods. 


FED.  STD.  NO.  66 


Military 

MIL-STD-163 

MIL-STD-430 


-Steel  Mill  Products  Preparation 
for  Shipment  and  Storage 
-Macrograph  Standards  for  Steel 
Ban,  Billets,  and  Blooms. 


(Copies  of  specifications,  standards,  drawings,  and 
publications  required  by  suppliers  in  connection  with  specific 
procurement  functions  should  be  obtained  from  the  procuring 
activity  or  es  directed  by  the  contracting  officer.) 

1  (Ul  2.2  Other  publications.  The  following  document  forms 
a  part  of  this  specification  to  the  extent  specified  herein.  Uit- 
kh a  otherwise  indicated,  the  issue  in  effect  on  date  of  invitation 
for  bids  or  request  for  proposal  shall  apply. 

SqCKtypf  AulomctrvcEDijrKcn 

AMS  2640  -Magnetic  Particle  Inspection. 


fisnsat  ftrsmt  Jtactni  Percent 

Cerbon  0.48  -  0  55  0  47  -  0  55  0  41  0  49 

Manganese  0.75-100  0.70-1.00  0.60-0  90 

Phosphorus  0  040  0  040  0  040 

Sulfur  0.040  0.05-009  OOSO 

Silicon  0.20-0.35  0  20-0  35  0  20-0  35 

Chromium  08O-II0  080-  1  15  080-115 

Molybdenum  0.25  -  0.25  C.15  -  0  25  0  30  0  40 

Vanadium  0.20-0  30 

Chemical  ranges  and  limits  based  on  ladle  analysis 
^Maximum  except  where  Indicated  as  a  range 
^Steels  containing  elements  not  designated,  in  excess  of  the 
following  amounts,  shall  be  subject  to  rejection:  copper 
0.3$  percent  and  akunaum  0.040  percent. 

(U)  3.1.1  Udfejfl*ta»  A  certified  ladle  analysis  of  each 
heat  or  melt  or  steel  (ice  6-3)  shall  be  furnished  by  the  con¬ 
tractor  showing  the  percentages  of  the  elements  present 

(U)  3.1.2  Duck  analysis.  The  chemical  composition,  an 
determined  by  check  analyse  (are  4.4.2  and  4.6.2. 1 ).  shall 
meet  the  applicable  requirements  specified  in  Federal  Standaid 
No.  66  except  that  check  analysis  for  sulfur  shall  be  required 
for  ORD  4 1  SO  Rcsulfumcd  steel  with  an  allowance  of  0.01 
percent  under  or  over  specification  limits. 

<U)  3.2  Qiwntftri  god  nanmrt  ramtiiwa  twr JJ.D 

*  (U)  3.2.1.  Hardncre-  Ban  and  blanks  specified  in  the  quenched 
and  tempered  cordioou  shall  have  a  Biinclt  hardness  of  277  to 
331  when  rested  as  specified  in  4.4.3  and  4.6.2.2. 

f  LJ)  3,2.2  Muinvuinmi  Heat-treatment  shill  consist  of 
hasting,  quenching  in  circulating  oil.  and  tempering  to  meet 
specified  hardness  and  physical  properties  (see  6.51. 

(U)  3.2.3  Atn-w  relief  Unless  otherwise  specified,  material 
which  has  been  cold  straightened  after  heat-treatment  shall  hr 
stress  relieved  at  a  temperature  not  lower  than  I5(P'  Fahrenheit 
(F;)  below  Uic  final  tempering  temperature- 
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KVviltcvl  hi  4  4  t  I  it h!  heal  irralesl  4*  sprisfird  in  4  h  t  12 
KiiiKntoftl  hitiliv«nl(  Ml'H  (iv  Ik  I'liiOilrnt 
Orincil  Nardwr**  4'.  0 etc i mined  uimt  (hr  irrlKjble  t«tmrrsiofi 
»abk‘  *  untamed  m  nH'tVhl  24 1  nl  federal  \  e*t  Mrlhr'd 
ManJaid  No  I'll  *•»*!!  hive  an  i*t-r  agt  longiltkJtrtal  impact 
>4) we  4t  a  temperature  of  mimn  40*'  I-  of  not  len  thin  40 
foil-pound*  when  tested  jispeofii  J  m  4  ft,  I  I  and  4.6  2..1. 

V'  individual  value  diall  hr  >e*»  thin  .IS  liwl  pounds.  W  hen 
Mink*  ite  pr\ ’■duefd  by  pMmun  which  involve  in  up*e( 
tsHging  operiiuvn  m  the  cartridge  «hjnihrr  area.  eav's  lot 
sprumen  takrn  frvmi  the  ihimkf  area  thill  hire  a  lixiglludmal 
impact  value  4 1  4  temperature  of  minus  41/*  f-.  of  mo  less  than 
1  5  bvt-pound*  Spe-'imens  liken  from  the  non-up**!  area 
1W  4  6.  II  3<jl1  chill  meet  the  40  fi*>t-pownd  average  and  the 
.'5  foot-pound  individual  fvqusirrocnts  specified  above. 

till  .V4  Macnntructunr. 

ti  l  3.4.1  ORD  4 ISO  and  Chrome- Holy- Vanadium.  The 
duality  a<*d  wkanltrtcts  of  the  Me* I  as  indicated  by  the  results 
of  the  mnweivh  te*t  specified  in  4  4.5. 4.6.1. 2,  ami  4  6.2.4 
thall  be  equal  to  or  better  than  mavTompht  $-2.  R-2.  and  C-2 
for  eh vftK  fumade  pnxrw  and  S-3,  C-3  and  R-J  for  open 
hearth  prwtw  of  Mll«STt>-43G. 

<U)  3  4  2  ORD  4150  Resulfun/ed,  The  quality  ird  clean¬ 
liness  of  the  dec  I  as  indicated  by  the  results  of  the  macroetch 
teat  tpectfied  in  4.4. S.  4  h  1.2.  and  4. 6.2.4  dull  be  equal  to  or 
better  than  macroiraph*  AS  M  contained  in  Ml L*M*  12286 
with  all  D  defect*  unacceptable. 

*  (1/)  3.)  MoruacUPk inrllltl,v,t  The  steel  shall  have  a  minimum 
>nin  rating  of  0.45  for  both  'tequency  and  severity  when 
tested  at  specified  in  4.4  b,  4.6.1  3.  and  4.6.2.S,  No  individual 
test  specimen  shall  have  a  seventy  ratine  pea  ter  than  0.75. 

ft')  5.6  Hvdenibihty.  The  hardenability  of  the  steel  shad  be 
not  leva  than  152  <  Rockwell  C52)  a!  ft/ 16  inch  (one-half  inch 
from  the  rod  of  a  standard  lomtny  or  en^quctKh  test  speernen) 
when  tested  as  specified  in  4.4.7, 4.6. 1 .4,  and  4.6. 2.6. 

*  (Ul  3.7  Foning  pmtKe.  When  torfinf  operaoons  are  per¬ 
formed.  process  controls  shall  be  subject  to  Government 
approval.  Hcatirat  for  forming  shall  be  conducted  using  methods 
and  eqtupment,  tncluding  pyrometnc  controls,  suitabk  for  the 
Purpose 

(Ul  3. ft  Dimenuom  and  lokrayei. 

(Ul  3ft  I  u>j  f«»pi  Blanks  and  forged  ban 

(are  6  3)  shall  conform  to  the  dimensions  and  t  ok  ranees 
specified  ut  the  contract  or  order  (see  6.2). 


*  <1  l  1  **  M**t  ft •jk-.|  I'tH  I  nk <*t1»<  t»iy  «|<v,ifn.|  Inrl 
("Ikd  bars  'lull  1*/ fl.t,-  aivl  w*4lt 

br  wihi'i  the  i«»kt4>c  t »  -Jittw  n  »n  ihr  l>  .ik  ittipg  t>4r4gr4pit«  «»l 

I  rtkui  ManUiftl  Vi  4*  v«r  2) 

(bmencHu* 

Ouimtrr  |h| 

Stfi»ah1necs  lbS 


*  (l’|  t'l  Marking  f  ivh  ^4#  «.f  %hjJ|  V  *m*14kK  marked 

to  Hirntilj  Hit  brat  **r  nu'lt  Ihr  it'ifkO'ff  milium  not 
fra»  t  tn*njbfy  w-tth  ihf  *-jr1  a^r  "1  Hi**  .J  #n^a  1*' ji 
trTitniTnt  When  %pcv »l»t  J  iMtloMluai  bar%  of  h|4nk  v  vhail  V 
•dentil n.-J  as  irquirv‘d  «n  the  tn»italM>n  t»  »f  bij'  of  order  ( w  (’  2  I 

111  MU  W<fkrtiedup  Bars  and  blank*  shall  be  wvjnd  un>- 
l«»rm  in  quality  and  torn}  if  ion.  and  commcNially  frre  of  mdKi* 
tK*n*  <if  «wefh«*alfnt  »•»  burning,  cracky,  twists,  srar**  damaged 
ends,  and  other  related  delects  injurious  to  the  (mnhed  cum* 
foment  tcec  b  3 1 

(I’l  4.  QUALITY  ASSIHAM.I’  PROVISIONS 

(I'l  4  1  Responsibility  for  inspection  L nks*  oihcrw»*e 
specified  in  the  urn  tract  of  purcha«e  order,  ihe  supplier  rs 
responsible  for  the  performance  of  all  inspection  requirements 
as  specified  Herein  f  tcepl  as  otherwise  specified,  the  supplier 
may  ut<h/e  his  own  faciltliec  oc  any  commercial  laboratory 
acceptable  to  the  Government  The  Government  reserves  the 
nght  to  perform  any  of  the  inspections  set  forth  in  the  'pecr- 
ficition  where  such  inspections  are  deemed  ne-ecury  to  assure 
supplies  and  services  conform  to  prescribed  requirements. 

ft!)  4.2  Classifi*.  jtion  of  inspection  All  esarrunatron  and  testing 
in  this  specification  is  classified  as  quality  conformance  uv 
spevtion  and  shall  be  to  determine  conformance  to  (he  require¬ 
ments  of  the  specification  to  vrve  as  a  basis  for  acceptance  of 
the  material  covered  by  this  specification. 

(U)  4.3  Lot.  A  lot  shall  consist  of  all  material  submitted  for 
inspection  jf  the  same  time,  of  the  same  heat  of  melt,  same 
condition,  same  size.  and.  wrhen  heat-treated,  shall  be  fium  the 
same  furnace  charge  of  a  batch  type  furnace  or  shall  be  of  the 
same  heat  treatment  in  a  continuous  furnace  Identification  of 
each  heat  or  melt  shall  be  maintained  throughout  manufacture 
and  inspection. 

<U)  4.4  Snnciutf. 

*  (U)  4.4.1  Fn.  »«w»i  »rui  Mjwiwilinn  UnlCV 

othmnM  tpctinrd  in  the  contract  or  enter.  Ihe  contractor 
tfuU  toe  hn  normal  commercial  umplmi  proceduirv 

(U)  4,4.2  EorSo*f mment  f heck  analyor.  When  Coremmcnt 
check  anatycn  n  performed,  it  leart  one  umpie  ihall  he  taken 
from  each  heat  or  melt.  Each  umpie  thall  he  compered  of 
tpprsnimatety  2  ounen  of  dnllinr  or  milling  t,ken  (nm  hart 
or  blank*  m  accordance  with  method  1 1 1  of  Federal  Ten 
Method  Standard  No  I  SI.  Sampler  dull  be  forwarded  prepaid 
by  the  contractor  to  the  dcrtfiwted  tertuif  agency  tree  b.2l. 

1U)  4.4J  For  hardne»Utrt«»  When  hart  or  blank*  ate  fur- 
wrhed  in  the  quenched  and  tempered  condition,  the  contractor 
ahall  take  at  random  10  umpie*  from  each  100  ban  or  fraction 
thereof.  One  defective  umpie  thafl  came  rejection  of  Ihe 
reprerented  material. 

(Ul  4,4.4  FjUjmpac!  fewrljncr .lerl int, 


UNCLASSIFIED 


UNCLASSIFIED 


b-j 


*  (''I  44  4  1  <^K-n,  hcJ  and  tempered  vendition.  Bars  or 
blanks  shell  tv  tarn  Horn  ee-h  heat  nr  melt  in  accordance  with 
•  hr  applicable  wheJule  contained  in  table  II  Sampling  shall 
hr  (vitnrmcj  m  jlphafvttcaJ  sequence  r«  cprctlsrd  in  table  II. 
and  tecls  f,«e  each  schedule  null  Nr  cahdac turily  completed 
poor  lo  undertaking  ilie  next  schedule  Sampling  mil  revert 
to  schedule  A  when  uny  o(  the  following  occurs 

(t)  Faduro  ul  cample  ipniiwni  lo  meet  impact  rmt »HfKt 
requirements  l*re  .1  .1  t! 
ibl  V mill h.  jIkmi  of  (hr  hrtl  lirtl  proves* 

Ul  I'tiloilKHi  of  w«  ht'il  lml  equipment 

Id)  Samples  trr  taken  from  new  hrtl  or  mril 

It)  When  continuous  lumaxc  u  restarted  alter  ibufdu«n. 

I  tpu  ii  ccurtiv.tiit  mrtil  niniwi  tssitsi.itJi 


VhtOmU  batch  I  ensact 

4  Ow  ho  nr  Mm*  frcvu  rj>  * 

uurnch  *ur  lu*  mere  no 
wrlnr  run  h  h*l  I rvm 
fkl  hen  Irvtr  lumacr 
wwd 


•  IW  Km  tw  Mm*  (rune 

nm  t  quench  luf*  or  each 
cLo  i  rMinnon  ahnh 
ml  uoun  tiM .  Ifxwu  In* 
K>-«|  trr  it  fmm  iwd  lor 
Mmmolw  unpH 

(  One  bar  »v  Hr*  from  each 

nveC*  p,  .due  Inns  I  mm  oh 
hritirril  furnace  ward 


4  (U)  4.4  4.’  At  revile. I  at  fnrrrd  enM  formed  or  annealed 
■•on.ln.rm  Onr  sample  chailTe  taken  from  malrnal  nrprss- 
tenting  I  hr  lop  and  bottom  of  thr  Pint  and  last  u*abk  ui|ofi 
of  thr  heat  or  melt  ( four  samples  per  heat  or  meltl.  Blooms  of 
bilk U  may  be  forged  to  bar  or  blank  diameter  for  uac  as  samoka 
for  this  testing  Al  the  option  of  the  Government.  random 
sampling  may  be  u*ed  by  taking  at  least  I  bar  or  Wank  for  each 
10.000  pounds  of  material,  or  fraction  thereof.  In  any  case 
the  sample  lo  be  tested  shall  be  of  Uic  diameter  specified  in 
The  contract  of  order  fate  6.2). 

(U)  4.4.3  For  macroelch  testing  Full  croia  sec  bon  samples 
shall  be  taken  after  dneard.  from  billets  representing  the  top 
and  bottom  of  the  first,  middle,  and  last  usable  ingots  of  each 
heat  or  melt  At  the  option  of  the  Goeemment.  random 
sampling  may  be  used  by  taking  a  full  cross-section  sample 
from  al  least  I  billet  in  each  10.000  pounds  of  material,  or 
friction  thereof.  In  the  absence  of  billet  test*.  1 0  ban  shall 
be  taken  from  each  kit. 

•  fU)  4.4.6  For  rKmo«GllkjisL«i()5L4rsijng.  A  sample  aha9 
be  taken  from  ban  and  blanks  representing  the  top  and  bottom 
of  the  first  and  last  usable  ingula  from  heats  or  melts  haring 
not  over  10  ingots  or  mote  than  JO  tons,  or  from  portions  of 
heats  or  melts  within  these  limits)  and  from  the  top  and  bottom 
of  the  tint,  middle,  and  Iasi  usable  ingots  of  heats  oe  melts 
haring  more  than  10  ingots  or  o*»r  JO  tons.  Bksonsi  and  billets 
may  be  forged  to  finished  bar  or  blank  site  for  use  is  samples 
foe  this  testing.  Al  the  option  of  the  Gcrernment,  random 
sampling  may  be  used  by  taking  a  sample  of  1 0  ban  or  Wanks 
from  each  lot  When  specified  in  the  contract  or  order  (see 
6.2).  the  contractor  shall  submit  lo  the  procuring  agency, 
prior  to  or  not  later  than  delivery  of  the  product  of  Uie  heal  of 
melt  test  samples  from  rhe  same  bar  or  blanks  from  which  the 
contractor's  test  samples  were  taken.  Them  samples  shall  be 
tpprocimatrly  1 4  inches  long. 


{  f  MtftAT 

<W  h*  l*  Hg#*4  g|  Mgfl  of  Of- 
(filMB  T Hf fT  *«rt  or 
fruow  rjeA  i  LMU  h#r»  of 
or  <  Ac  h  *  Fnskan  of  op*tit«u»V 
»ti*shr*rt  *t«n  JUmptn 

«A«H  hr  tditc-n  «l  hrfmainm 

fttnWW  a* hi  rtW  ngn  Jtn 

soet^Mflrrc  t  rU  »J orp  W»4» 
Kprrwatmt  rum  c4  1  U*)  *«ct 
or  v*r  *  hemr*  oprr*|ipgg 

aAaIJ  hr  ohfBtord!  htffurt 

pnKcTJmt  to  *khrslvJt  I 

On*  K«f  nr  N*nl  from  1 .000 
hprs  or  Mg/tkt  or  r^th  R  huwn 
of  vprrBiim*.  mhKhorf  Obcwrv 
fint. 


*  III)  44?  F  ue  hanXewahtlity  testing  At  bad  .me  sample  shall 
he  taken  Iron*  male  rial  representing  the  up  and  human  of  the 
first  and  last  usable  mgutaui  tke  heal  ue  mats  limit  samples 

per  heal  or  mcMI 

f(J)  4  5  kciminettgg 

*  tt'l  45  1  Forging  practice.  Fefsodrc  surveillance  of  forging 
practur  shall  he  cunducted  to  acaurr  compliance  with  the  re- 
ituirrnscnls  of  J.7.  Ibefisaarrm.irnl  representative  shill  hare 
access  to  pyrometers  arid  recording  instrument!  and  lo  their 
records  The  accuracy  of  the  nyrometrrs  and  senuni  Jcskcs 
shall  be  s  hecked  by  the  cou  tract  or  uung  suitable  calibrating 
equipment  whenever  arsfuestrd  by  the  Gownsmen!  represerv 
tatire. 

(if)  4  3  2  Heal  treatment  aryj  siren  relief  Fenndu  process 
surveillance  shall  be  conducted  lo  aaaurr  compliance  with  the 
heal  trtalmeist  (sat  3.2-2)  awd  stiesa  relief  (see  J. 2. 3 1  require¬ 
ments. 

<U)  4.5  3  DunmwotLpserlwg  and  wprkrnamhip.  Ban  and 
blanks  shall  be  inspected  by  any  swtahie  method  acceptable  to 
the  Gorensnent  to  asauR  compliance  with  dimemaonal  (see 
3  8).  marking  (sea  3.9k  and  workmanship  (see  3.10)  require¬ 
ments. 

<U)  4.3.4  Frrpantigd fgr  shipment  F.taminalion  of  the 
prtserrelnn.  packagmg  packing  and  masking  for  shipment 
shall  he  made  foe  conformance  to  the  requirement*  of  section 
S. 

<U)  4.6  TnH» 

<U)  4.6.1  laLBKMMc 
<U)  4.6.1. 1  Jmp*tUnsstancc, 

*  (U)  4.6.  I  l  l  ChuBchbdjmdirmpertd  condition.  At  kail 
two  V-notch  Charpy  eupact  specimens  shall  be  taken  (see 
4.6. 1.1.3)  from  each  sample  bar  or  blank  (see  4.4.4  I )  and 
prepared  us  accordance  with  method  221  of  Federal  Test 
Method  Standard  No.  131.  When  blanks  an  produced  by 
processes  which  snsoSae  an  upset  forging  operation  in  the 
chamber  ana.  ■(  learn  In  additional  specir™  s  shall  be  taken 
aa  specified  US  4.6.1.1.3(a),  and  prepared  as  specified  above. 

*  <U)  4.6.1. 1.2  ill  rrdkd  mfaml  enld  famed  na  annealed 
^pndjttun^  Healdrt  i—snl  shall  be  performed  on  each  bar  or 
blank,  taken  in  accordance  with  4.4A2.  or  on  cylindrical  lest 
coupons  taken  from  a  sample  bar  or  from  the  chamber  ana  of 
a  sample  blank.  HcaS-oeatmenf  shall  consist  of  austenitizing 
oil  quenching  and  tempering  in  accordance  with  table  IV.  to 
the  hardness  range  specified  m  3.3.2  I  see  6.5).  Heat-treatment 
should  be  conducted  m  a  manner  lo  produce  a  msv restructure 
of  tempered  mart  main  m  Use  material.  Preliminary  normalizing 
may  be  used.  After  heat-treat messt.  al  :.-asl  two  V-notch  Charpy 
impact  specimens  dead  br  taken  (see  4.6. 1, ). J)  from  each 
sample  bur.  blank,  or  test  coupon,  and  prepared  m  accordance 
will)  method  22 1  of  Federal  Test  Method  Standard  Mo.  131. 
When  blanks  are  [wdtnf  by  processes  which  involve  an  upset 
forging  operation  mas  ckswlbrr  area,  al  least  Iwo  additional 
specimens  shall  he  lihro  ar  specified  in  4.6. 1. 1..’ Ha),  and  pre¬ 
pared  as  specified  abort.  Katslnrs*  readings  to  determine  com¬ 
pliance  with  3.3-2  dufl  be  taken  m  accordance  with  method 
242  or  243.  as  appkcsbw.  of  Federal  Test  Method  Standard  No. 
I5t  on  IlM  notched  face  of  (he  hardened  tesl  specimen  within 
one-fourth  inch  of  the  maSerhne  of  the  notch. 

*  (U)  4,6.1. 1.3  UicaJiaLftam.iihich.lcsl  ipccuocits  dull  tv 
tilrew  link*  otherwnc  specified.  Charpy  impact  ic-l 
specimens  shall  be  Ishrw  from  sample  ban.  blanks,  or  led 
coupons,  as  follows: 


UNCLASSIFIED 


UNCLASSIFIED 


8-4 


(at  8 Unit.  I  runt  the  chamber  area.  at  least  une  tna|ue 

shainbrr  Jwnrlfi  away  truin  the  chamber  end  When 
blanks  ate  pnnluied  by  processes  which  involve  an 
upwt  forging  operation  in  the  * hjniN-r  area.  the 
additional  tt<himtnt  shall  he  taken  (font  a  non  upset 
area  beginning  between  2  to  3  1  rubes  torw-ard  of  the 
upwt  ei  turn 

(b)  Rill  hum  an  ana  at  kail  one  bat  diameter  away 
from  the  bar  end 

fcl  tao  qjy pum  From  an  area  at  kaci  one  cylinder 
diameter  away  (rum  the  coupon  end 

<U)  4.8. 1.2  Wa.nnfrtn.HUt.  Specimens  thall  he  prepared  in 
accoedame  with  method  .'21  of  F'dcral  Kit  Method  Standard 
No.  151. 

lU)  4.6. 1.3  Nynmetillicinvtuyvnh. 

*  (U)  4.6. t.J.I  Type  of  specimen.  Unless  otherwise  specified, 
truing  for  nonmetallK'  inclusion*  (half  he  eondueted  using  the 
step-down  (penmen  thhen  specified  in  the  contract  or  order 
tsee  b.3t,  a  straight  cyltndncal  specimen  may  be  used  in  lieu 
of  the  step-down  specimen. 

(U)  4  6  I  3.1.1  Step-down  specimen.  The  step-down  speck 
men  shall  be  generated  in  csfual  length  circumferential  steps 
as  follows 


Itf  9f  KmMl  4g«Mtcr 

ftoMI 

Si 

MLtet 1 

■ 

ImNti 

Imim 

1 

2 

J 

4 

[MfO^OO  i«0  MOwk| 

:  <00 

D 

2/ ID 

5MT  0  '  V3  K>  1  UUO  ml 

1 

D 

J/40 

i/:o 

am  1  (W0  to  1  300  met. 

1  :sa 

0 

4/50 

J/3D 

2/SD 

am  1  500  to  1  440  ml 

1  000 

0 

4/3  D 

2/5P 

mo 

0  -  anpAtl  <Mc**l*f  ip 

ipmc  MOcA  HWPtd  (wc  4.4. 1.2.2). 

•  <U)  4.6.1. 3.1. 2  Strtinht  cylindrical  specimen.  The  specimen 
shall  be  machined  in  accordance  with  the  machining  allowance 
specified  in  4.6. 1,3.2.  to  a  straight  cylindrical  specimen  S  inches 
♦„  1/16  inch  in  length. 


(U)  4.6. 1.3.;  .Mutuant, iliQwintc. 


Inches 

over  0.500  to  0.750  incl. 
peer  0.750  to  1 .000  incL 
peer  1.000  to  1.500  incl. 
over  1.500  to  1.990  incl 


0.045 

0.060 

0.075 

0.090 


1  Allow  0.010  inch  for  finish  machining  after  heal  treatment. 


*  (0)  4.6. 1.3.3  Heililgalffltatf.  Rough  machined  specimens 
shall  be  hardened  by  suitably  austenitizing,  quenching,  and 
tempering  to  produce  a  hard  new  not  lower  than  flrinell  250. 

<U)  4  6  13  4  Surface  finish.  The  finish  machined  surface  of 
the  teat  specimen  shall  not  exceed  a  roughness  height  rating  of 
40  microtnches.  The  ends  shall  be  finished  to  provide  good 
electrical  contact. 

(U)  4.6. 1 .4  H amenability  Sped, item  shall  be  prepared  in 
accordance  with  method  71 1  of  Federal  Teal  Method  Standard 
No.  151. 


(II)  4.6.2  Teat  methods. 

<U)  4.6  2.1  Chemical  analysis.  Chemical  analysts  of  the 
samples  taken  in  accordance  with  4  4.2  shall  be  conduced  in 
accordance  with  method  I  i  I  oe  1 1 2  of  Federal  Test  Method 
Standard  No.  1 5 1 .  In  cases  of  dispute,  referee  analysis  shall  be 
in  accordance  with  method  111. 


fill  4  6  2  2  Hardness  Hardness  readings  shall  be  taken  m 
accordance  with  nw  i-id  343  of  Federal  I rsi  Method  Standard 
No.  1 5 1  un  the  exterior  of  the  test  bars  and  blanks 

till  4b  3  3  Impact  rrustanse  <  harpy  impact  test  shall  he 
conducted  tn  accordance  with  method  331  of  Federal  Test 
Method  Stardard  No  I  5  I  1  he  temperature  of  the  lest  speci¬ 
men  at  the  time  of  fracture  shall  be  minus  4f /’  ♦  3°  F 

IU>  46  3  4  Macrmtructurr.  The  mac  rrwtch  lest  shall  be  c  on- 
ducted  in  ascendance  with  methird  33  I  of  Federal  Trsl  Method 
Standard  No.  151. 

(U>  4  6  3.5  Nonmelalltc  inclusions.  The  normetalltc  inclu¬ 
sion  content  shall  be  determined  by  the  method  specified 
below. 

*  fU)  4  6.2.5.1  Testing  Testing  shall  he  by  the  wet  magnetic 
particle  method  specified  m  Aerospace  Material  Specification 
( AMSI  2640  using  criclar  magnetization  with  a  magnetizing 
current  of  ,J00  to  r  .100  amperes  per  inch  of  diameter  Direct 
current  shall  he  used  for  magnetizing  tkhen  the  step-down 
specimen  is  used,  ‘hr  smallest  step  shall  he  magnetized  and 
inspected  first.  the  nest  larger  steps  shall  be  magnetized  and 
inspected  in  succession.  Inclusions  one-eighth  inch  or  less  in 
length  shall  not  be  counted. 

fU)  4. 6.2.5. 2  Results.  The  frequency  and  seventy  of  non- 
metallrc  inclusions  shall  be  determined  as  shown  below. 

<U)  4.6.2.5.2.I  Frequency. 

fa)  Total  the  number  of  indications  for  each  specimen. 

(b)  Divide  the  total  number  of  indications  per  specimen 
by  the  surface  area  of  the  specimen  in  square  inches. 
This  value  is  the  frequency  rating  of  the  specimen. 

(c)  Total  the  frequency  ratings  of  the  specimens 

<d)  Divide  the  total  frequency  ratings  by  the  number  of 
specimens  This  value  it  the  average  frequency  rating. 

(U)  4.6.2. 5.2.2  Seventy. 

fa)  The  le.  gth  of  each  indication  is  recorded. 

(b)  Total  the  number  of  indications  for  each  war 
interval  shown  in  table  III. 

<c)  Multiply  the  total  number  per  size  interval  by  the 
severity  factor  of  table  111. 

<d)  Total  the  products  obtained  In  fc)  for  each  specimen. 
<c)  Divide  the  product  total  by  the  surface  area  of  the 
specimen  in  square  inches  Tim  value  is  the  severity 
rating  for  the  specimen. 

<f)  Total  the  severity  ratings  of  the  specimens 
Ig)  Divide  the  tr.  everity  ratings  by  the  number  of 
specimens  ihts  value  »  ihe  average  seventy  rating 


TABLE  III.  SEVERITY  OF  NONMETALLJC  INCLUSIONS  (111 


Indication  length1 

Severity  factor 

Inch 

over  1/8  to  1/4  incL 

1 

over  1/4  to  1/2  incl 

■*1 

over  1/2  to  3/4  incl. 

4 

over  3/4  10  1  incl. 

8 

over  1 

16 

'When  the  step-down  specimen  is  used,  an  inclusion  extending 
the  entire  length  of  1  ilep  shall  he  considered  to  be  longer 
than  I  inch  and  shall  be  asatgned  a  weight  of  16. 
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tUl  4.7  RucslWfl, 

(U)  4.7.1  Eximsnstior..  Individual  ban  of  blanks  not  meeting 
Hit  requirements  of  I  hit  specific  soon  shill  he  (ejected.  When 
sampling  inspection  is  u«il.  the  represented  lot  shall  be  re¬ 
jected  when  the  number  of  rejected  sample  units  njuib  or 
exceed*  the  rejection  number  specified. 

(U)  4.7.2  Tr»t*  Failure  to  comply  with  sny  of  the  test 
mtuiremcnti  of  this  specif  nation  shall  be  cause  for  lejeution 
of  the  tepresented  matenal. 

tUl  4.R  Retfstj.  Retests  shall  be  permitted  in  accordance 
with  Federal  Test  Method  Standard  No.  151. 

•(Ut  4  0  Calibration  afjrnpectjest  machine*  Charpy  impact 
test  machines  shall  be  calibrated  under  the  surveillance  of  the 
Government  representative  within  a  period  not  exceeding  t 
year  previous  to  use.  using  test  samples  prepared  by  U  S. 

Army  Materials  Research  Agency  (see  6.4) 

<Ut  5.  PREPARATION  FOR  DELIVERY 

fU>  5.1  Preservation  andpsckmr.g. 


tU)  6  2  Ordering  data  Procurement  documents  shouts, 
specify  the  M  tow  mg 

(at  Title,  number,  and  date  of  thn  speiifnancei 
tbl  Whether  ban  or  blanks  are  requited 
1st  Composition  and  cW'IiIkxs  required  tsee  1 . 2 J. 
td)  St/e  requmrd  (see  5  H) 

(e)  When  samphng  other  than  contractor's  normal 
sampling  procedure  >s  specified  t  we  4  4  1 1 
(ft  Shipping  indmctkim  tor  UmrmTT»l  check  analywa 
sample  (sre  4.4. 2>. 

fgl  Selection  of  applicable  tenets  of  preservation,  pack¬ 
aging.  and  passing  tare  section  Si 

(h)  When  special  marking  a  required  tree  5.1). 

(i)  Certification  requirements. 

01  Special  mark  mg  on  ban  or  blanks  (sre  3  91 
(k)  Whether  nonmetallic  inclusion  lest  samples  are  re¬ 
quired  by  the  procuring  agency  (we  4.4  A). 

(It  Diameter  of  sample  to  be  tested  for  impact  lews- 
tance  (see  4.4,4. 2|. 

(m)  When  straight  cylindrical  specimen  o  specified  for 
nonmetsllw  inclusions  testing  (ire  4.6. 1 .3. 1 ). 

*  (U>  6.3  (TgfinitipfaL.  Listed  below  are  definitions  of  some  of 
the  special  terms  used  in  this  specification 

-AlJoflKd  -  As  forged,  upset,  or  eitrudrd. 

Blank  -  A  partially  formed  gun  barrel  requiring  machining 
oe  soma  other  operations  to  produce  a  finished 
barrel 

CnsL-  Separation  of  mitered  visually  evidenced  by  a 
fine  irregular  line 

Forsrd  bar-  A  hot  roflvd  bar  that  has  had  any  subsequent 
working  (see  "as  forged''). 

Gun  barrel  bu  length  -  Length  of  finished  band  plus 
allowance  for  machining. 


<U)  5.1.1  Level  A.  Preservation  and  packaging  of  ban  and 
blanks  shall  be  ui  accordance  with  M1L-STD-S63. 

(U)  5.1.2  Level  C.  Preservation  and  packaging  of  ban  and 
blanks  shall  be  in  accordance  with  standard  commercial  prac¬ 
tice. 

(U)  5.2  EKkint 

(U)  5.2.1  LotcLA^  Packing  of  ban  and  blanks  shall  ba  in 
accordance  with  M1L-STD-I63. 

<U)  5.2.2  JLeveJJ^.  Pac*<-q  of  bars  and  blanks  shall  ba  In 
accordance  with  standard  commercial  practice  adequate  to 
insure  carrier  acceptance  and  safe  delivery  at  the  lowest  rata. 
Shipments  shall  comply  with  the  requirements  of  the  regu¬ 
lations  applicable  to  the  mode  of  transportation. 

tU)  5.3  MvfciQI.  In  addition  to  any  special  markings  re¬ 
quired  by  the  contract  or  order,  shipments  shall  be  marked 
in  accordance  with  MIL-STD-163  (see  6.2).  The  heat  or  melt 
identincapon  shall  be  required  »  part  of  the  baric  marking. 


Hill  •  Metallic  output  of  one  charge  of  an  open  hearth 
furnace  (sec  “melt"). 

MtIL-  Metallic  output  of  one  charge  of  in  electric  fur¬ 
nace  (“heal’*  and  “metf  are  often  used  inter- 
ctiingif  ihf) ) 

MM  length  -  Length  of  bar  produced  by  sled  mill.  Mifl 
length  ban  ate  usually  furnished  in  multiple  gun 
barrel  bar  lengths  plus  allowance  for  kiss  of  ma¬ 
terial  la  cutting 

Sms  -  An  unwelded  tap  or  fold  on  the  surface  of  metal 
usually  produced  during  rotting  or  forging.  May 
appear  to  be  a  crack. 

Twist  -  A  distortion  caused  by  the  rotation  of  the  end* 
of  a  bar  in  opposite  directions. 

*  (U)  6.4  Test  sasnpkn  for  calibration  of  Chirpy  impact  test 
machines  may  be  obtained  from  U.  S  Army  Materials  Re¬ 
search  Agency.  Watertown,  Massachusetts  02172.  through  the 
applicable  Procurement  District  Office  (see  4.9). 

(U)  6.3  Heat-treatment*  indicated  in  table  IV  are  foe 
guidance. 


<U)  6.  NOTES 
*<U>  6.1  lulcgftaLjt)*. 

<U)  6.1.1  Steel  covered  by  this  specification  h  intended  for 
use  in  the  manufacture  of  gun  barrels  requiring  deep  hole 
drilling  and  rifling  operations. 


(U)  6.5.1  Minimum  holding  time  for  each  Oral  treating 
operation  should  be  I  hour  at  heal  for  each  inch  of  thickorsa 
at  the  maximum  effective  cross  section. 

*  (U)  6.6  For  ease  in  cutting  into  barrel  lengths,  hut  rolled 
mitt  Irngth  bars  should  V  ordered  in  an  annealed  eiandiliun 
to  a  maximum  Brinctt  hardness  or  250, 


ft 


ft 


ft 


ft 


ft 


ft 
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